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CHAPTER - 1 

GENERAL INTRODUCTION 

The U.P. State spinning mill is situated on 
Jhansi Gwalior Road adjoining the air field. The mill 
apart from having two working units- have residential 
plots for the workers and executives both. About 5000 
workers are involved in the day and night shifts. They 
work in different chambers of the functional unit in 
which temperature and humidity is maintained according 
to the requirement to spun cotton into threads. 

The bales of cotton arriving at the mill are 
handled by a number of workers. During processing 
cotton, fibers might get sprayed with pathogenic or 
nonpathogenic organism. These may multiply or remain 
viable as the temperature and humidity maintained 
within the mill is quite suitable. The small fibres or 
lint floating in the air are being constantly trapped 
in underground tunnels by suction, but still quite a 
good amount of fibres floats in the air. These fibres 
may act as vactors for pas^sing the organism from one 
place to another. 



important as they might be involved in deterioration of 
cotton or in causing infection to the workers. Around 
the working units of the mill some cotton floats in the 
atmosphere and finally settles on the ground, telephone 



their own ecological niche and host a number of 


the organisms sprayed durii»g hand^ing with in the mill 


understand microbial dynamism it is necessary to make a 


microflora involved 


occur 


Ahmad and 


a number of 


techniques have been developed for the isolation and 


study of the fungal flora by some workers Warcup 


1967) Parkinson et . al 


Johnson and 


curl (1972) 


micro organism 


1963 & 1966) 


Dwivedi 


(1974); have suggested that the successful! saprophytic 


upon 


e amount 


utilize cellulose is considered to be essential for the 



J 


3 . 


existi'nce of saprophytic fungi by Malin (1948); Siu 
(1951) has given a list of cellulolytic fungi isolated 
from competitive colonizing conditions of cotton 
fibres. Competitive saprophytic colonization is the 
invasion of fibres in competition with other 
saprophytic organism, Garrett (1944 , 1962) defined 
this as the Summation of physiological activity brought 
about during the succession in colonization of dead 
matters. The physiological character that helps are the 
fast growth rate, rapid spore germination, good enzyme 
production, production of antibiotic substances and 
tolerance of antibiotics produced by others saprophytic 
colonizers. Garrett (1963b) suggested that in 
colonization of dead organic matters the competitive 
saprophytic ability is one of the main factor, others 
are inoculum potential and environmental conditions. 
The success of a fungus during competitive saprophytic 
colonization of cotton depends on its intrinsic 
biochemical ability to exploit or decompose or utilize 
that particular substrate. 

Competitive saprophytic ability deserves more 


attention because this is one of the genetically 
determined characteristics of the microorganism. Number 
of techniques for estimating competitive saprophytic 



(1961); Sadasivan (1939); etc. 


Fungicides and antibiotics are widely used to 
control the growth of various disease producing 
organism, but their role in preservation and storage of 
fibres are less known. Host of the fungicides cause 
problems to the humans during handling these fibres and 
thus unsafe to be used frequently at such places. The 
use of fungicides/antibiotics exert a positive or 
negative influence on the total microflora, intraction 
of micro-community with the fungicides has been 
discussed by Cole and Turgeon (1978), Kuthubutheen and 
Pugh (1979), Rai and Shrivastava (1982) and others. 
Such substances will inhibit the microbes by either 
inhibiting cell wall formation or by damaging the 
cytoplasmic membrane or interfere with protein 
synthesis or, inhibit nucleie acid metabolism at the 
cellular level. At the molecular level they interfere 
with enzyme synthesis. These changes some times cause 
unexpected Problems Domsch (1964); Lockwood (1964); New 
Hall (1955) and collins (1965), therefore the use of 
chemicoils should only be recommended in cases when they 
are absolutely necessary inhabitation of fungi is the 
underlying principal of almost all fungicides, 
effectiveness of fungicides depends upon the quantity, 
nature and age of inoculum as well as pH and 
concentration of the medium. Donald (1972); Domsch 


(1964) 

suggested 

that action 

of 

any 

fungicides 

is 

comperatively 

low 

at low temperature. 

Humidity 

may 

effects 

both 

the 

penetration 

of 

chemical and 

also 


degree of sensitivity of the fungus. 

Antibiotics ere also widely used against 
microorganism. These are antimicrobial agent of 
microbi-al origin that can inhibit the growth of 
bacteria or even destroy them and other microorganism. 
To determine the effectiveness of various antibiotics, 
senstivity test are performed against various microbial 
species. 


The main contitaents of cotton fibre is 
cellulose while only a very small fraction is the 
pectic substance, hence celluloytic enzymes will have a 
major role in colonization or deterioration. In other 
Words the growth of organisms on these substances will 
depend upon its enzyme system. Enzymes are produced 
extra cellularly which degrade the cellulose, 
resulcing into its hydrolysis. The enzyme involved is 
cellu.ose and fungi producing them are known to be 
cellulolytic. Cellulolytic activity has been worked out 
in detail by Reese (1946,1957); Garrett (1962); Mandel 
and Wabler (1969); Agrawal (1969); Bellamy 
(1974); Crawford and crawford (1976). Most of them 
found that cellulose is produced when organism are 
grown on substrates having cellulose. Filter papers. 


cellophane paper and other materials like whatmans 

filter paper have been used by various workers to 

produce cellulose. Tribe (1957); Wabley and Duff 

(1962); Pugh (1966) and some others used even cotton 

and leaf litter Agrawal (1969); Pandey (1980) to 

observe cellulose activity, most of them suggest that 

cellulose exists in C ctnd C form, (C ) degrading 

lx 1 

the native cellulose, while the others (C ) degrading 

X 

the product produced by C enzyme. The C complex 

1 X 

hydrolysing B-1, 4-glacosidic bond does not act on 

crystaline cellulose in the absence of C enzyme. The 

1 

basic concept remains that the native cellulose 

degradation involves two types of enzyme C and C 

1 X 


(Oso, 1978 ) . 


Besides cellulose, pectic substances are also 
found in the plant cells and play a vital role, 
in forming the inner cellular cement. This material is 
also degraded by micro-organism called pectolytic. The 
pectic enzymes involved in tissue degradation are 
pectine methyl esterase, pectinmethyl galacturonase , 
polygalacturonase and tran.seliminase . The production of 
pectolytic and cellulolytic enzymes have been reviewed 
by Bateman and Miller (1966); Wood ( 1955 , 1960 , 1972 ) ; 
they have also discussed the classification of these 
enzymes . Norkran ( 1963 ); Reese (1963); Furgus (1969); 
Whitker ( 1971 ), and Goel and Mehrotra ( 1973-1974 ) have 





studied the effect of some fungicides and antibiotics 


have found that these substances have an 


effect on the enzyme production. Hence the study of 


these enzyme system is of utmost importance in both 


deterioration and colonization of cotton fibtes 


Considering the human population involved in 


important to work out the periodic colonizaion of the 


competitive colonization 


production and the effect of antibiotic fungicide on 


the microorganisms involved, with these considerations 


Section I CLIMATIC VARIATION 


This section deals with the general climatic 


variation in and a 


These observations were conducted for the entire 


period. Rainfall, temperature and humidity will be the 


main parameters under consideration 


Section II : MICROBIAL - COLONIZATION 


ive and Qualitative Dynamism of 


subsection deals with 


collection 


1 . e . 


of cotton samples from various places 
the store room, floor of the spinning chambers and 
underground channels within the spinning mill. From 
these samples microorganism were isolated and analysed 
both quantitatively and qualitativly at the interval 
of 15 days for one year so as to find out the absolute 
number and percentage colonization and frequency 
during the various seasons of the year. In addition to 
these, microorganisms inside & outside the mill were 
also isolated from air. 

B-Comparative Cellulolytic ability 

This subsection deals with the studies on 
comparative cellulolytic ability of the dominating and 
most frequently found isolated in subsection "A”. 

The method employed is that of Garrett (1962) 
and the composition of the medium employed is of Hogg 
(1954) with the modifications that filter paper is 
replaced with cotton as the sole carbon source. Only 
the fungi which dominated during the study period in 
subsection "A" or fungi with special significance were 
selected for the peresent investigations. 

C-Competit ive Saprophytic Colonization 

This subsection deals with the competitive 
saprophytic colonization of the mycoflora selected in 


subsection B . The method employed is that of Wasties 
(1961) . 

Section III Contro l Measures 

In this section antibiotic fungicides 
available in the market were screened to study their 
inhibitory effect against the organism selectd from 
section II. Effects on the radial growth, mycelial 
mat and spore germination were analysed in its 
different dilutions, so as to find out their minimum 
inhibitory concentration (MIC). This enables us to list 
out the fungicides / antibiotic in their MIC against 
the micro-organism so that if required they could be 
recommended for spray on cotton inside the mill along 
with the spraying water. 

Section IV Enzymo l ogical studies 


The organisms selected from section II. Were 
studied for their enzyme production capabilities. These 
were studied in vitro at different stages of the 
organisms growth on broth cultures with cotton as the 
sole carbon source. For this study both cellulolytic 
and pectolytic enzymes were studied but main attention 
was towards cellulolytic enzymes, as the fibres contain 
about 94% cellulose. Enzymatic activity were also 
analysed by using MIC of the effective 
fungicides in the medium. 

Sect ion V General summ ary and conclusions 



This section deals with the general summary 


and conclusions obtained from the entire study 


Bibl i lography 


Appendix 


(II) 


Plates 



CHAPTER - II 


CLIMATE OF JHANSI 


Jhansi is situated at a latitude of 25 degree 


is abf>ut 271 metre above mean sea level. The climatic 


Trivedi (1975). On the basis of distribution of 


rainfall and variation in 


climate of Jhansi can be said to be 


monsoonic 


winter and summer seasons 


The climatic data’s for the study period are 


given in Table I and figure I. Mean minimum temperature 


varied from 4.5 degree C (January 1991) to 27.3 degree 


C (June 1991) and mean maximum temperature varied from 


22.2 degree C (January 1991) to 43.5 degree C (May 


1991) Relative humidity was minimum during may 1991 


) and maximum during August 1991 (79.0 


average total annual rainfall recorded was 945.00 mm 


and it was maximum during July 1991 (460.3 mm). The 


monthly distribution of rainfall and number of rainy 


days for the study period are shown in Table I and 


figure I (C). On the basis of climatic record of the 


minimum 




CLIMATIC RECORD OF JHANSI OF TiJi; STUDY PERIOD 
(NOV. '1990 TO OCT. 1991) 




MONTH 

TEMPRATURE DEGREE C 

! HDMADITY % 


RAINFALL 

DAYS 


MEAN 

MAX 

MEAN 

MIN 

AVERAGE 

MAX 

MIN 

AVERAGE 

MM 


NOV. ' 90 

28.6 

10.6 

19.60 

86 

30 

58.00 

0.5 

1 

DEC. ’ 90 

24.5 

6.1 

15.30 

91 

40 

65.50 

9.0 

1 

JAN. ’ 91 

22.2 

4.5 

13.35 

90 

48 

69.00 

2.8 

1 

FEB. ' 91 

26.4 

9.9 

18.15 

89 

35 

62.00 

17.7 

3 

MAR. '91 

33.1 

14.0 

23.55 

79 

24 

51.50 

1.7 

1 

APR. ' 91 

38.1 

19.3 

28.70 

54 

19 

36.50 

9.0 

1 

MAY. '91 

' 43.5 

24.5 

34.00 

37 

10 

23.50 

0.2 

I 1 

JUN. ' 91 

41.7 

27.3 

34.50 

56 

28 

42.00 

12.4 

1 

JDL. '91 

36.2 

26.2 

31.20 

75.8 

50 

62.90 

460.3 

12 

AUG. ' 91 

30.1 

23.7 

26.90 

89 

69 

79.00 

428.6 

13 

SEP. ' 91 

33.4 

21.5 

27.45 

84 

46 

65.00 

2.8 

1 

OCT. ' 91 

33.5 

13.4 

23.45 ! 

87 

29 

58.00 

- 

- 


TEMPERATUkE 
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temperature varying from 6.0 degree C (January) to 26.5 
degree C (June) and mean maximum from 22.9 degree C 
(January) to 42.3 degree C (May) Table II. 

The rainy season is from June to September, 
July being the wettest period of the year. Almost 
seventyfive percent of the total average annual 

rainf.ill normally occurs during this period figure .1 c. 

Due to this uneven distribution of rainfall, there is 
often the defficency of moisture in the soil and 
atmosphere during summer and winter and thus there is 
heavy drainage and errosion during rains. 

The Winter season starts from mid October 
and ends in mid February. This season is characterised 
by low temperature. During this period of study the 
mean minimum temperature varied from 4.5 degree C 
(January 1991) to 13.4 degree C (C)ctober 1991) and the 
mean maximum temperature varied from 22.2 degree C 
(January 1991) to 33.5 degree C (October 1991). 
December and January were the coldest month of the year. 

The Summer seaso n begins from mid February 
and ends in mid June. This season is characterised by 
high temperature. During this period of study the mean 
minimum temperature varied from 14.0 degree C (March 
1991) to 27.3 degree C (June 1991) and mean maximum 
from 33.1 degree C (March 1991) to 43.5 degree C (May 



CLIMATIC CONDITIONS OF JHANSI BASED ON DATA OF 15 YEARS 


TEMPERATURE 


RAINFALL 


DRY PERIOD 


WET PERIOD 


(FIGURE -8) 












CLIMATIC CONDITIONS OF JHANSI BASED ON 
DATA OF 15 YEARS 


TEMPRATURE DEGREE C 


MONTH 


HUMADITY 


RAINFALL 


: MEAN 

1 

: MEAN 

* r " ' ' ■ ' 1 

1 1 

1 1 

! MIN 

1 

1 

I MAX 

1 

[ ' 

; AVERAGE ! 

t 1 

i ' ' 1 









1991) . This season remained dry except for occasional 


dust 


winds and storms. Jhansi is one 


In table II the 


comparision 


of the climate during the study period with that of 


proceeding 15 years indicates that rainfall during the 


year 1990-91 was slightly more (945.0 mm) as compared 


The effectiveness of the climatic factors 


ombro thermic 


curves (Mean monthly values of temperature and mean 


rainfall values) are drawn together. In order to bring 


of rainfall is taken as double to that of the 


temperature. The month is considered dry when its mean 


rainfall is less than twice its mean temperature 


(T):P<2T. a fig 2 indicates that dry period is spread 


over seven months and only five months (June to Oct.) 


are considered wet months . Winds 


maximum 


summer 




« ’i 

' 1 

1 % 




CHAPTER - 3 


GENERAL INTRODUCTION 


The U.P. State spinning mill is situated on 


apart from having two working units have residential 


plots for the workers and executives both. About 5000 


workers are involved in 


work in different chambers of the functional unit in 


which temperature and humidity is maintained according 
to the requirement to spun cotton into thread. 


The bales of cotton arriving at the mill must 


some micro 


cotton these are handled by a number of workers. During 


processing and handling, the cotton fibres might get 
sprayed with some additional pathogenic and non 


pathogenic organisms. The organisms now present on the 


fibres may multiply or remain viable as the temperature 
and humidity within the mill is quite suitable. The 


constantly trapped in underground tunnels by suction, 
but still quite a good amount of fibres floats in the 


organism from one place to another 


The organism during such colonzation are 


important as they might be involved to some extent in 


deterioration of cotton and to some 



infection to the workers. Around the working units of 
the mill some cotton floats in the atmosphere and 
finally settles on the ground, telephone poles or 
electric wires, fences etc > These builds up their own 
ecological niche and host, a number of microbes both in 
the atmosphere and soil. The organisms sprayed during 
handling within the mill add to the pollution of 
the atmosphere. Some toxigenic fungi on cotton have 
already been reported to occure by Diener et .al . , 
(1976); Nigam et ♦ al . , (1960); Bagga (1970) & Lgreere 
(1973) . 


There are many reports on the capacity of 
micro organism to utilise cellulose invitro, Garrett 
(1962, 1963a, 1966); Hogg (1966); Siu (1991); Rai 
(1969); Fergus (1969); Reese and Lavinson (1952) ;Rai 
( 19701 j Dwivedi and Singh (1974) that the successful! 
saprophytic colonization of fungus largely depends upon 
its cellulolytic ability. This is reflected by the 
amount of cellulose utilised by the organism. The 
ability to utilize cellulose is often regarded as an 
essential feature for saprophytic fungi. In most cases 
fungi have been studied in pure culture. Garrett (1962) 
have however, investigated the decomposition of 
cellulose in soil. Rai (1969) concluded that the 
successful colonization of fungi may be related to 
their celluloytic ability, Macer (1961) demonstrated 





that the fungus with lowest rate of cellulose 


decomposition has also shown the longest period of 


tive saprophytic colonization is the invasion of 


Compe 


the fibres by the organism in competition with other 


the Colonization of dead matters. Garrett 


suggested that in colonization of dead organic matter 


factor, others are inoculum potential and environmental 


conditions. Garrett (1960) had earlier suggested three 


factors that are 


(1) intrinsic growth rate of fungus and 


rapid germination of spores (2) good enzyme production 


(3) tolerance of antibiotic produce by other 


microorganism .Competitive saprophytic colonization is 


obviously one of the normal forms of colonization (The 


other being parasite) Garrett (1956) 


Accordingly in the present investigations 


periodic isolation of microflora from cotton and air 


from different sites of the mill 


ability and their competitive saprophytic colonization 


were studied, for the sake of convenience the section 





Subsection A : - Quantitative and qual itative dyanmism of 
micro organism 

This deals with the collection of cotton 
samples from various sites at an interval of 15 days 
for one year. From these samples microorganism were 
isolated and analysed both quantitatively and 
quantitatively, so as to find out the microbial 
community, their percentage frequency, absolute number, 
during various season of the year . Micro-organism were 
also isolated in addition to these, from air inside and 
outside the mill to stuty the aerial microflora. 

Section - ® Jl Comparative cel luloytic ability . 

This subsection deals with the studies on 
comparative cellulolytic ability of the orgaisms. 

Only fungi that were frequently found during 
isolation or fungi with special significance were 
selected for the present investigations. The method 
employed for this study was that of Garrett (1962). 


_ 9 -. Competitive saprophytic colonization. 

This section deals with the competitive 
saprophytic colonization of the roicroflora selected in 
sub Suction B. The method employed for this study was 
that of Wastie <1961). 




CHAPTER - 4 


INTRODUCTION 


spinning mill of Jhansi involves 


about 5000 workers. Apart from the workin 


cons 


workers live with their families 


Thus the total 


population which is involved with in this mill 


about 2000-25000 


Workers works in different chambers 


of the functional unit in which temperature & humidity 
is maintained according to the requirement to spun 
cotton into threads. 


From the time bales of cotton arriving at the mill 
it is handled by a number of workers till it is spun 
into threads. Durinq processsina the eni-tnn 


mignr, get sprayed with pathogenic or non-pathogenic 
organisms from the workers & its surroundings . These may 


with in the mill is quite suitable. The small fibres 


floating in the air are being constantly trapped in 
chambers by suction but quite a good amount of fibres 


passing the organism from one place to another. The 


organism during such colonization are important as they 
might be involved i.n deter .i<jrat ion or causinq infection 


to the workers. Some toxigenic fungi on cotton have 


Marion et. al 



micro 


Hogg (1966); Reese & Lavison (1952) 


Nigam (1960) have s udied microbial degradation 


of cotton cellulose in soil. To understand the 


involved 


(1970, Ahmad & Gulatia (1943); Sharma & 


Shukia & Tandon (1960); Simpson et . al 


Ashwoyth 


number 


from cotton fibre 


actinomycetes 


cotton boll. Aspergillus flavus, A. fumigatus 


orium 


Fusariuro raoniliforme, F.Solani, Rhizopus stoniger 







Pencil lium 


lorxum 


also found 


Fusarium 


also observed the association of fungus with that of 


fibre & described the type of binding or rolling of 


concerned 


fibre deterioration mainly at the time of boll opening 


number of microbes are involved 


degradation. Bacteria & actinomycetes are largely 


complete the process of degradation, Nigam et . al 


Bacteria in relation to decomposition are 


divided into functional 


(a) 7’he indigenous organism, whose number in soil are 


supposed to remain unaffected by dead organic matter 


(b) The Zygnogenous organism , which 


involved in the decomposition of dead organic matter 


these are small in size & thus probably represent less 








than half the microbial protoplasm. Thus in terms of 
protopJasmic proportions in most environments fungi 
obviously constitute the p-imary population where as 
bacteria appear as secondary population. Among these 
microbes minority in normal circumstances appear to 
require the presence of a living host (Alexander 
1961). The remaing are either facultative parasites 
able to live on the dead remains of the host 
or saprophytes . 

During the last 60 years a numbers of techniques 
have been developed for the isolation & study of fungal 
flora, Warcup (1960,1967); Parkinson e t . al . , (1971), 
Johnson & Curl ( 1972 ) .each with its own advantages. The 
approach most frequently used for enumeration is the 
plate count in which dilutions of the specimen in 
steri) water are plated on a suitable agar medium. 
Microstatic agents such as penicillin, rose bengal & 
streptomycin were included in the media to explore, 
fungal organisms for obvious reasons. 

Alexander (1961) postulated that the act inomycetes 
develop far more slowly than most of bacteria & fungi & 
are rather ineffective competitors in the early stage 
of the decomposition. They are more prominent in the 
later stages of the process. The late apprearence of 
actinomycetes is attributed to their ability to 
degrade the more complex orgainic substances. 





From the above account it will the evident that in 


order to understand the microbial dynamism of cotton 


fibre it is necessary to make a successive periodic 


study of the mycoflora involved & there quantitative & 


qualitative analysis. So as to find out microbial 


their absolute number & 


the following lines 


micro 


Micro-organism were isolated from cotton fibre 


collected from 3 different sites (store room, absorbing 


tunnel & spinning chambers within the mill & from air 


day for 1 year. Soil dilution plate method of Waksman 


adopted for isolation of microorganism from cotton 


fibre. Isolated fungi were analysed both quantitatively 


5c qualitatively while bacterial population was analysed 


quantitatively only, however few pathogenic forms which 


come accross were picked up separatly 5c given special 


consideration. To 


the microbial colonization 


5c absolute number were 


recorded at successive isolations 





(b) Rijaults and concluaion - from the qualitative and 
quantitative datas obtained the analysis was done 
in this section, in which the various sites were 
compared for their frequency and absolute number. 



Cotton samples for isolation of microflora were 
were collected from the following sites of the spinning 
mill. 


Site N o » I : - Absorbing channel -Through out the working 
unit there is an underground absorbing channel having 
suction to suck the cotton fibre floating in the air. 
In this channel thus there is deposition of cotton 
fibre & dust. 


Site No-2 -The store room -There is a large room in 
which bales of cotton which arrive for spinning are 
kept . Comparative! Y here only few workers are involved 
and cotton is generally kept for a short period of time 
i.e.for a month or so since it is being used up 
constantly. 


Site No . 3- Spinning Chamber - There are two units A & 

B in the spinning mill each unit have three chambers to 
spun the cotton . In first chamber bales of cotton are 
being threshed mechanically with the help of automatic 
thresaers , in second unit cotton rolls are being 
prepared which finally goes into third unit where fir 
threads are drawn out of these rolls & 3 -4 threads are 
then spun a into single thread & these are than rolled 
into reals. There is a separate packing room where the 


Chapter - 5 


Experimental 


ISOLATION OF MICROFLORA 





reels are packed for marketing. 

Large number of workers are involved in these 
chambers & rooms. Cotton fibres , lint & dust float in 
the air density of which is highest in first chamber & 
gradualy decrease in the third. These fibres, lint & 
cotton have the microorganism of their own together 
with some which are incorporated during handling. 
During handling some pathogenic organisms also get 
invoiced from the workers who act as carriers for 
various organisms. 

The temperature of these chambers are maintained at 
about 34 degree - 36 degree centigrade through out the 
year . Some water is constantly sprayed to get the 
desired humidity. Cotton samples were collected from 
the floor of the 6 chambers & mixed togather & was 
used as a composite sample for site No. 3. 

Site No. 4- Microorganism of the atmosphere inside 
spinning chambers - Microorganism from the air inside 
the spinning chambers were isolated directly on exposed 
petriplates having the desired poured & solidified 
medium. Petriplates were exposed in each of the 6 
chambers & average number of organisms developed were 
noted & tabulated in the table. 

Site No . 5 Micro organism of the atmosphere outside 
the spinning mill j;;;;; For isolating micro-organism 





& solid media were exposed outside working unit of the 


PROCEDURE 


15 days for 1 year. Cotton samples were collected from 


chamber & from 


store room at each sampling. Samples were collected by 


of sterlized forceps and brought to the 


Microorganism from air inside & out side the 


medium 


The soil dilution plate method of (Wakman 


1927) as standardized by Brierley et . al 


isolation of microflora from collected 


Samples from each sites were brought to the 


were added to 250ml 


sterile round bottom 


sterilized water. The flasks were thoroughly shaken in 


a mechanical wrist action shaker for half an hour & 



isolation were 


1950 


Johnsonl957 ) 


es were incubated at 32 + 2 


prepared & plated in blood Agar, and soil extract agar 


medium & incubated at 32 degree centigrade for 2-5 days 


Since most of the time the temperature inside the 


mill remained near about 34 


temperature of incubation for both bacteria & fungi was 


process. The incubation temperature was kept in the 


proximity of temperature which was maintained inside 


the working units. This was done so that the organism 


develop in the incubation plates 


The bacterial poulation was analysed quantitatively 


where as the fungal population was analysed both 


quantitatively & qualitatively . However a few bacteria 


which were of pathogenic nature were picked up 


obtained are tabulated for the 


absolute number 




The frequency percentage for different fungi were 

calculated using Raunkicaers (1934) formula, as 

follows. 

% Frequency = 

No*of saitipling units in which the species occured 

' ' ' ' ^ 100 

Total number of units studied. 

Results for above analysis were given in table III to 
XII & fig. 3 to 12. 



CHAPTEB - 6 


RESULTS & CONCLUSIONS 
Quantitative & Qua litative analysis . 

In this study the quantitative & qualitative 
asses: iient of the microflora isolated from cotton fibre 
and air , in & around the spinning mill was done at an 
interval of 15 days upto 1 year. The bacterial 
population was analysed quantitatively where as the 
fungal population was analysed both quantitatively & 
qualitatively. However during isolation the author came 
across a few pathogenic forms of bacteria. These were 
carefully picked up for further studies. For 
convenience five differnt s l:es as discribed above were 
decided & the isolating sartnples were picked from the 
same site on every occassion. 

Site N o » 1-Absorbinq channel ; - 
Q uantitative analysis- 

ubsolute Number of fungi & bacteria isolated from 
site 1 of spinning mill was determined by Waksman's 
dilution method' & is expressed in term of number per 
gram dry weight of cotton ir. table III fig. 3. 

A perusal of the data reveals that the absolute 
number of fungi remained almost the same up to IV 
Sampling period, than declined on the V sampling, 
thereafter gradually increased & came to a miximum at 
the XI sampling period. This gradually declined up to 



■ ' ' 


TABLE - III 

Absolute number of Fungi and bacteria in 'Site - I' at 

5 

differnet sampling periods (expressed as 1x10 per gram 

dry weight of cotton). 

Sampling period 

Absolute No. 

Absolute No. 


of fungi 

of bacteria. 

I 

18.66 

241.8 

II 

16.19 

221.9 

III 

18.19 

171.7 

IV 

15.05 

165.3 

V 

8.85 

143.0 

VI 

11.05 

124.6 

VII 

15.00 

167.1 

VIII 

19.18 

213.2 

IX 

28.85 

252.8 

X 

37.40 

385.6 

XI 

85.5 

866.7 

XII 

72.59 

825.0 

XIII 

41.59 

470,7 

XIV 

13.66 

165.6 

XV 

3,64 

42.2 

XVI 

2.89 

37.5 

XVII 

19.49 

241.8 

XVIII 

20.42 

243.6 

XIX 

20.83 

216.0 

XX 

37.40 

389.1 

XXI 

49.86 

500.0 

XXII 

29.09 

375.0 

XXIII 

19.09 

260.7 

XXIV 

17.91 

240.4 


I 










NUMB ER l^yi^GI_ & BACTERIA IN 


AT DIFFERENT SAMPLING PERIOD 


2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
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n i.e. XXIV 


maximum Number of 


eleventh sampling i.e. 85. 5x10 /gm dry wt . of cotton 


and minimum Number 


The monthly analysis reveals that absolute Number 


to a maximum level 


June 


absolute number of fungi were decreased & the minimum 


Number of fungi were record^^d during June, this might be 
the effect of very high atwiospheric temperature during 


this aonch i.e. 42 degree centigrade during day time, 
when samples were picked up. Fungal population again 
incrco sed during July, August & September. During 
October, November, December, January & February when 
atmospheric temperature was low absolute number of 


The bacterial absolute number followed almost the 


same trend. Table III and fig : 3. Shows that the 


absolute number from the initial 


reached the maximum level in the XI 


this number decline 


1 






considerably increased up to XXI stage & then followed 


i.e.XXIV. Maximum 


number of bacteria were re orded in XI sampling i.e 


866.75 X 10 per gram dry wt , of cotton & minimum number 


i.e. 37.3 X 10 per gram dry wt. of cotton 


la all twenty two species belonging to 13 genera 


were found colonizing the cotton fibre from' site I 


Aspergillus niger , Aspergillus flavus k Penic ilium 


citrinum & Rhizopus 


Showed abundant 


colonization trough out the sampling. Aspergillus 


flavus were found to be most 


dominating form and occurred during every sampling 


occassion 


illus fumigatus on 9, Aspergillus terreus 


so rum 


Aspergillus nidulans, Alternaria 


occassion 


Chaetomimum globbsum. Cl ado 


loruro 


Virticillum 




PERCENTAGE COLONIZATION i FRESaNCY OF DIFFERENT FDNGI 

I) SAMPLING PERIOD AT INTERVEL OF 15 DAYS 

II) INCDBATION TEMPERATURE 32 ± 2‘“C 

; VII IVIII I IX : x : xi ; 


svi ;xvii 


100 % 


100 % 


11 ! Chaetomiiiin globosum 


14 iFusariuin soiani 


15 IMucor hydrophilus 


17 IPenicillium citrinum 


18 IPenicillium sp 


22 IVerticillium alboatrum 
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alboatrum, Basidibolua ip. Fusarium aolani, Mucor 
hydrohilus only once. 

Aspergillus niger & A£. pergillus f lavus had 100% 
frequency followed by Rhizopua nigricans & Penicilium 
citrinuin which showed 95.8% & 91.7% frequency 
respectively, Aspergillus ustus showed 50% frequency. 

The percentage frequency of Aspergillus sulphureus , 
Aspergillus f umigatus , Aspergillus terreus . Phycomyces 
sp» Trichoderma viridi , Fus a rium oxysporum, Aspergillus 
oryzae & Alternaria alternata varied between 25% to 
45%. 

Basidiobolus sp. Chaetom ium globoaum , Cladoaporum sp. 
Penicil lium sp. Paecilomyce s varioti , Mucor hydrophilus 
had low percentage frequency i.e. between 8% to 13% 
while Verticil lium alboatrum & Fusarium solani 
had the lowest percentage frequency i.e. 4.2%. 
Percentage frequncy of different fungi are shown in the 
fig. 4. 

Site-II-The store room - (room where bales of cotton are 
kept) 

( 1 ) Quant itat i ve analysis- 

The absolute Number of fungal & bacterial species 
isolated from "site II" at different sampling periods 
are shown in table V fig 5 . 



absolute number of fungi and bacteria in 'SITE NO, -II 


AT- DIFFERENT SAMPLING PERIOD 


BACTERIA 






Absolute number 


XI 

XII 

XIII 

XIV 

XV 

XVI 

XVII 

XVIII 

XIX 

XX 

XXI 

XXII 

XXIII 

XXIV 


Absolute No. 
of fungi 

Absolute No 
of bacteria 

4.82 

58.9 

6.25 

76.0 

6.96 

80.6 

2.19 

25.6 

4.86 

165.0 

8.23 

132.9 

2.43 

24.8 

1.72 

20.7 

25.0 

216.7 

35.8 

368.5 

37.5 

385.0 

35.0 

395.0 

0.65 

31.8 

0.54 

17.5 

0.29 

03.6 

0.18 

06.5 

0.99 

16.5 

1.55 

23.6 

1.45 

22.6 

1.85 

09.2 

0.82 

16.4 

0.92 

18.0 

1.66 

12.1 

2.05 

12.1 






From Ist to IVth sampling stages the absolute 


number of fungi remained more or less the same, than 


increased in IVth & Vth sampling followed by decline up 


to Vlllth sampling. The absolute number of fungi 


increased during IXth to X Ith sampling period & came 


to a maximum at the Xlth s 


was a sharpfall in the absolute number of fungi 


followed again by a slight rise from XVIIIth sampling 


but the absolute number of fungi remained low with 


absolute number of fungi decreased followed again by a 


i.e.XXIVth 


were recorded in Xlth 


maximum 


per gram 


cotton & minimum No of fungi were recorded in XVIth 


sampling i.e. 0.18 X 10 pet gram dry. wt. of cotton 


The monthly analysis reveals that effect 


atmospheric temperature on absolute number of fungi was 


same as noted while studying the number of fungi of 


high i.e. 42 degree centigrade (during day when samples 
were up picked up), the number of fungi decreased when 
atmospheric temperature was low in November, December, 
Januaiy & February & also less number of fungi were 
recorded as compare to the samples worked out during 
March & April when the absolute number of fungi reached 



to a maximurn level. 


Similar trend was followed by bacteria i.e.the 

absolute number of bacteria remain more or less same in 

1st -Illrd sampling. Number of bacteria increased in 

Vth sampling followed by gradual decline up to Vlllth 

sampling. Then again a gradual rise up to Xllth 

sampling & comming to a maximum at the Xllth sampling. 

Again absolute No. bacteria decreased from Xlllth. to 

XVIth. sampling, followed by slight rise in number in 

XVIIIth & XIXth sampling. From XXIst to last XXIVth 

sampling number of bacteria remain almost the same 

with little fluctuation. Mxaimum number of bacteria 

5 

were recorded in Xllth sampling that is 395.0 x 10 

/gram dry weight of cot-ten & minimum number of 

5 

bacteria were recorded in XVth sampling i.e. 3.6 x 10 
/gram dry weight of cotten. 

Q ualitatve analysis- 

The percentage colonization of different fungi at 
'sitf II' at different sampling period were recorded in 
table VI & fig - 6. 

Eighteen species belong to 11 genera were found 
colonizing the cotton fibre of site II. 

Aspergillus niger , Aspergillus f lavus , Penicillium 


citrinum & Rhizopus nigricans 


showed abundent 


TABLE - VI 



PERCENTAGE FREQUENCY / COLONIZATION OF VARIOUS FUNGI ' SITE 2 'AT DIFFERENT SAMPLING PERIOD 


I) SAMPLING PERIOD AT INTERVEL OF 15 DAYS 

II) INCUBATION TEMPERATURE 32 + 2‘’C 


S.No. 

; Organism 

1 I 

1 II 

: III 

; IV 

! V 

! VI 

: VII 

IVIII 

: IX 

: X 

1 XI 

1 XII IXIII 1 XIV 

1 XV 1 'XVI IXVII 1 XVIII 

XIX 

XX XXI 

XXII XXIII 

XXIV 

FHEQUENI 

1 

Alternaria alternata 

- 

- 

- 

I 



5 

- 

6.6 

! 

1 

i 7.1 ! - i - 

1 < > 

1 I 1 1 

1 t 1 t 

1 - , 1 “ 1 - 1 5.3 

1 t 1 t 

1 

1 

1 

1 

f 

"■ -•'"■111. -"I, 

■ ( 

■' 16.7% 

2 

Aspergillus sulphureus 

3.57 

- 

18 

: 

20 

20 



- 

: 

! - 

1 7.1 ! - ! - 

1 ^ ^ 

1 - 1 - ! 8.3 110,5 

! t 1 1 

- 1 

5 111.1 

1 

10 i - 


45.8% 

3 

Aspergillus fumigatus 

- 

2.8 

9 

1 - 



2.5 

7.1 

- 

! - 

! - 

1 1 ) 

1 - 1 - ! - ! 5.3 

~ ^ 1 

1 

- : 5 ,. 6 

t 

,.4.5' 1 

29.2% 

4 

Aspergillus ustus 

- 

- 


1 

- 

- 

- 

7.1 

6.6 

I 

: - 

1 t 


1 


40 138.9 

t 

1 

16.7% 

5 

Aspergillus niger 

50 

60 

36.36 

57.14 

40 

- 

37 

4.8 

33.3 

;43.6 

153.3 

: 28.6 ! 40 ! 50 

X 1 ' 

! 25 1 40 ! 50 136.8 

31.3 1 

50 133.3 

1 

- 1 11 

t 

50 1 

100% 

6 

Aspergillus oryzae 

3.5 

- 

- 

: - 

- 

10 

10 

- 

- 

! 

! - 


1 ~ 1 - ; 8.4 ! - 

1 1 I I 

12.5 ! 

) 

30 122.2 

1 ■ 

- 

20.8% 

7 

Aspergillus flavus 

32.14 

11.4 

18.18 

28.5 

20 

20 

15 

25 

23.6 

128.5 

: 20 

' 21.4 : 20 : 25 

i < ' 

;i2.5 ; 2 ;i6.6 ; 21 

■ 25 ; 

05 1 *^ 2 . 2 

I 

! 5^5 

9.2 1 

100% 

8 

Aspergillus terreus 


- 

- 

1 “ 

- 

- 

2 

3.5 

- 

! 

1 - 

! < > 

1 s 1 . { 

6.2 I 

( 


• 

20 . 8 % 

9 

Basiiiobolus sp. 

- 

- 

- 

; - 

- 

- 

- 

- 

- 

! 

1 “ 

■ 7.1 1 - 1 “ 

V 1 1 

1 ^ ^ mm ^ mm 

- ' 1 

I 

i 

10 ^ — 

. j 

' - ; ! ' 

8.4% 

10 

Cladosporium sp. 

- 

5.7 

- 

! - I 


10 

2 

- 

- 

: 

1 - 

I J 

i \ 

\ i 1 \ 

lit) 

6.2 1 

> 

1 

1 

“ 1 

16.7% 

11 

Chaetomium giobosum 

- 

2.8 

- 

! - 1 


10 

- 

- 

- 

; 

1 


1 1 1 t 

' 

» r ^ 

1 

1 

1 , , 

' ' I' ,' 

12.5% 

12 

Mucor hydrophilus 

- 

- 

- 

i - 1 

- 

- 

2.5 

- 

- 

: 

1 



6.2 1 

i 

10 1 - 

J f 

* 1 

4.2% 

13 

Penicillium citrinum 

3.57 

8.5 

9.09 

t 1 

1 ( 

20 

20 

10 

3.5 

13.3 

;i4.2 

! 6.6 

;• 14.3 : 10 132.5 

137.5 1 40 ! 8.3 110.5 

1 t 11 

I 

10 ! 11 

« 1 

13.6 1 

71.42'' 

14 

Penicilliuiu sp. 

- 

- 

- 

i ~ ; 

- 

- 

n 

- 

3.3 

. ^.7 

; 



' : 

1 

1 t 

' '' ! 

12.5% 

15 

Phycomyces sp. 


, 

- 

1 - 

- 

- 

2 

- 

3.3 

: 

• 6.7 

'7.21 

t \ 1 t ^ 

1 - 1 - 1 - ! 5.3 

1 1 1 1 

' 12.5 1 

5 122.3 

t 

- ! 5.6 1 

t I 

4; 5,1'' 

3 6.7% 

16 

Rhizopus nigricans 

7.14 

8.5 

9.09 

; 14.2 

-- 

- 

D 

n T 

/ . JL 

6.6 

: 4.7 

: 6.7 

7;2 ' 30 112.5 

1 25 1 - 1 8.3 15.3 

I I 1 1 

- 

1 

1 1 

18.2 1 

87.5% 

,17 

Fusarium oxysporum 

- 

- 

- 

: - 



2.5 

- 

3.3 

! 

: 6.7 


' — ’ — ' ... ' — 

- : 

■ ' I 

t i 

^ ( 

1 

12.5% 

18 

Verticiliium alboatrum 

_ 



' — 

_ 

— 

- 

3,5 

- 

1 - 

; - 





1 

.1, '■ 

4.2% 
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Alternaria alternata , Aspergillus fumiqatus 


ergillus terreus 


Chaetomium 


sum 


& Cladosporium 


while ( Verticil lumj a 1 boat run 


& Mucor 


re shown in table VI 


colonization throughout the sampl inq . Aspergillus niqer 
was found in higher percentage colonization, followed 
by Aspergillus f lavus . Aspergillus niger - was found to 
be most dominating form dining every sampling. Mostly 


the species of 


dominated i.e. 


illus terreus & 


lillus ustus were frequently 


isolated during earlier or latter isolations. 


Eusarum 


•ium . Phycomyces sp , cladorsporium 


sp. Ch aetomium qlobosum , Penicil lium sp. , Alternaria 
alternata , appeared in 3-5 isolations. Basidiobolus sp. 
appeared twice, while Mucor hydrophilus & Verticellum 


alboatrun appeared only once during 


VII & VIII 


isolation respectively. 


Aspergillus niqer , Aeperg illus f lavus have 100% 
frequency, followed by Rhizopus nigricans & Pencil lium 


citrinum 


which have 87.5% & 71.42% frequency 


respectl vely . 


sulphureixs had 45.8% 




ninq Chambers 


Three chambers are situated 


spun the cotton. Large number of workers are involved 
in these chamber and significant amount of cotton 
fiber, cotton lint & dust float in air. During handling 
some pathogenic organisms also get involved from the 
workers . 


The temperature of these chambers are maintained 
34 degree C - 36 degree 2 throughout the year. 


numbe 


rom 


periods are shown in table VII & fi 


The absolute number of fungi was high 
sampling with a slight decline in the second 


Then was a sharp decline in number from Illrd to Vlth 
sampling period, than again rise in number from Vllth & 
reach to maximum in IXth samplinq & this 1 1 v 


ses upto XVIth s 


From XVIlth 


sampling the absolute number o 


i.e.XXIVth number 


Maximum 


number o 


minimum number of 


in Vth sampling i.e. 0.08xlG/gm dry 


of cotton 




Absolute number of Fungi and bacteria in 'Site - III 


as 1x10 


per gram dry weight of cotton) 


Sampling period 

Absolute No. 
of fungi 

Absolute No. 
of bacteria. 

I 

8.34 

127.9 

II 

6,67 

83.9 

III 

0.24 

03.0 

IV 

0.28 

18.9 

V 

0.08 

20.0 

VI 

0.42 

39.2 

VII 

1.12 

21.0 

VIII 

1.75 

29.6 

IX 

9.19 

89.2 

X 

6.32 

64.6 

XI 

6.41 

72.9 

XII 

3.62 

67.6 

XIII 

0.90 

27.0 

XIV 

0.68 

22.9 

XV 

0.50 

08.0 

XVI 

0.59 

18.9 

XVII 

0.98 

17.8 

XVIII 

1.77 

19.7 

XIX 

2.47 

29.6 

XX 

2.00 

18.5 

XXI 

3.50 

40.0 

XXII 

3.74 

99.3 

XXIII 

4.45 

64.9 

XXIV 

2.45 

56.0 





fmiwmm 


The monthly analysis reveals that in Site 


The absolute 


number of 


March it reached maximum level, and in January lowest 
number of fungi were isolated. In May & June number of 
fungi decreased. 


bacterial absolute number followed atmost the 


same trend like that of fungi table VII & fig. 7 showes 
that absolute number of bacteria from the initial 
sampl..og declined up to IVth sampling,. thereafter 
increased upto IXth sampling stage & this number 
declined gradually up to XVth sampling period & than 
considerably increased upto XXI Ith samplinq reached to 


maximum number i.e 


again followed by decreased in number 


i.e. XXIVth 


species of fungi belonging to nine genera 
were found colonizing the cotton fiber of site III. The 


shown in table VIII & Fig. 8 


Penicill ium 


citrinum 


ustus 


Aspergillus sulphureuS , 


showed 



TABLE - VIII 

PERCENTAGE COLONIZATION & FREQUENCY OF DIFFERENT FUNGI 


'SITE III' AT DIFFERENT SAMPLING PERIOD 





— 


I) SAMPLING PERIOD AT INTERVEL OF 15 DAYS 

II) INCUBATION TEMPERATURE 32 ^ 2°C 


XXI XXII XXIII XXIV FREQUENCY 


XVIII : XIX XX 


ORGANISMS 


llus sulphureus 


llus oryzae 


10 ; Basidiobolus sp 


Chaetomiun globosurn 


12 IMucor Hydrophilus 


P<="nic.i 11 ium citrinum 


Fusarium oxysporum 


- 

- 

17.. 4 


52.4 

30.4 

- 

4 .4 

38.1 

1 

26.1 ; 

9.5 

8.7 

- 1 

4.4 

- 

4.4 , 












I 

1 *** 

- 

- 

12.5 

16.7 

- 

“ 


“ 

' 

: 5.4 

- 

- 

- 

- 

- 

- 

- 

5.6 

! 

1 

1 ^ 

4.5 

- 

- 

- 


- 

- 

5 . 6 

8.4 I 

: 5.4 

4.5 

13.3 


- 

- 

16.6 

- 

- 

8.4 1 

: 40 

27.6 

13.3 

25 

33.3 

66 

33.3 

40 

44.4 

37.5 1 

1 









^ • 

: 2.7 










! 2.7 

9.1 

- 

- 

- 

- 

- 

10 

- 

I 

1 33 

22.7 

53.3 

12.5 

33.3 

40 

16.6 

30 

o ^ 2 

20.8 1 

1 

- 

- 

12.5 

: - 

- 

- 

- 

- 

4.2 ! 

I 

1 ** 

- 

- 


; - 

- 

- 


- 

4.2 1 

; 

4 . 5 

- 


; - 

- 

> 

- 

- 

1 

1 


- 

- 

: - 

- 

1 


5.6 

1 

1 

* 

; 5.4 

13.6 

6.7 , 

« 

: 

- 

116.7 

20 

5.6 

8.4 1 

- 

- 

- 

12.5 

, - 

- 


1 

- 

4.2 

: 5.4 

9.1 

6.7 

25 

■16.7 

- 

116.7 

; 

11.1 

4.2 

t 

\ 

4 . 5 

6.7 


: 


I “ 

I - 

” 

4 



PERCENTAGE FREQUENCY UF DIFFERENT FUNGI AT 'SITE 
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Z IV Atmosphere insid e 
Quantitative analysis : 

The average number of fungi and bacteria 

isolated front • 

ffsr'ent sampling periods 

were recorded in table -IXth. & Fig. 9. 

The perusal of data reveals that the average 

nuinber of fungi durinq 1st o r>. i • 

y *-0 Illrd* sampling periods 

remained more or less the same then decreased in Ivth, 
and vth sampling followed by a considerable increase 
in number in the Vlth. sampling. The number than 
decreased in Vllth villth sampling with slight 
fluctuations. The number remained very high from IXth. to 
Xllth. sampling with the peak level at Xllth. sampling. 
During XIHth. sampling s there after there was a 
gradually decline in number of fungi up to XVIth. 
sampling (ollwed by a gradual rise upto XXIst. sampling 
period. This number again decreased during XXIInd 
sampling s with a slight fluctuation remained almost 
the same upto la^st sampling i.e. XXIVth. sampling 
period Maximum number of fungi were recorded in Xllth. 

sampli, g i.e. 72 s minimum number of fungi were recorded 
in XVIth. sampling i.e. 5. 

The monthly data revels that the average no. 
of fungi remained at the highest level during March & 
April , reaching a maximum during April. During May & 
June, when the day atmospheric temperature was very high 



AVERAGE NUMBER OF ORGANISM PER PLATE AT "SITE III’ ie. FROM AIR 
INSIDE THE SPINNING CHAMBERS AT DIFFERENT SAMPLING PERIODS. 


SAMPLING PERIOD 


NUMBER OF FUNGI 


NUMBER OF BACTERIA 


XI 

XII 

XIII 

XIV 

XV 

XVI 

XVII 

XVIII 

XIX 

XX 

XXI 

XXII 

XXIII 

XXIV 



Hi . 




41 


i.e. 42 degree C, the average number of fungi 
decreased. During February, August, September & October, 
the average number of fungi were though less than March 
and April but remained at a higher level as compared to 
November, December, January^ May, June & July. Fig - 9 

table IXth. 

The average number of bacteria isolated 
during all sampling periods from air inside the working 
unit ot mill was high as compared to fungi. This might 

be due to large number of worker involved in these 
chambers. 

From 1st. to Vth. sampling less number of 
bacteria were present & then in Vlth. sampling number 
of bacteria increased considerably with a decline in 
Vllth. 6c Vlllth. reached a maximum level at IXth. 
sampling. This gradually decreased up to XVIIth. 
sampling period followed by increase in number from 
XVIIlth. sampling upto XXIst. sampling, thereafter 
again the average number of bacteria decreased upto the 
last i.e. XXIVth. sampling. 

Qualitative analysis : ■ 

i ■■ ■ ■ 

Sixteen species belong^ to nine genra were 
found in the atmosphere of site "number 4". 


The percentage occurance and frequency of 


TABLE X 


PERCENTAGE COLONIZATION & FREQUNCY OF DIFFERENT FUNGI AT 'SITE 4' 
AT DIFFERENT SAMPLING PERIODS 


I) SAMPLING PERIOD AT INTERVEL OF 15 DAYS 
II) INCUBATION TEMPERATURE 32 - 2“C 


.NO. 

; ORGANISMS 

I 

: II 

: III 

: IV 

V 

; VI 

! VII 

VIII 

IX 

1 X 

I XI 

V *11^ 

j XII 

:xiii 

; XIV 

XV 

; XVI 

XVII 

; XVIII : XIX 

XX 

XXI 

XXII 

XXIII 

XXIV 

FHBQOENGY 

1 

Alternaria alternata 

- 

- 


- 

- 

- 

8 

- 

- 

‘2.8 

5 

2 


1 

( 


1 

1 


6 

1 


- 


* 


- 

20.8% 

2 

Aspergillus suiphur&uS 

9 

15 


-- • 

- 

- 

6 

- 

- 

7.1 

6 

2 

8 

:i2.5 

! - 

- 

i 


12 

21 


- 

« 

16 

5 

- 

45-8% 

3 

Aspergillus fumigatus 

- 

- 


- 

- 

- 

2 


- 

- 

3 

3 

- 

: “ 

- 

- 

1 

( ^ 


- 

10 

- 

- 

4 

16 

- 

- 

25.0% 

4 

Aspergillus ustus 

- 

- 


18 

- 


6 

-- 

10 

• 

3 

3 

3 

: - 

- 

- 

1 

1 ^ 

* 


- 

10 

- 

• 

- 

5 

10 

- 

37.5% 

5 

Aspergillus niger 

36 

38 


54 

37.5 

66 

36 

36 

30 

38 

39 

25 

33 

• 31 

50 

37 

: 60 


29 

36 

31 

36 

42 

42 

35 

36 ■ 

100% 

6 

Aspergillus nidulans 

- 

- 


- 

- 

- 

- 

- 

5 

2.8 

3 

- 

cl 

: 6.2 

- 


- 


-* 

- 

-- 

5 

- 

- 

- 

5 

29%, 

7 

Aspergillus oryzae 

- 

- 



12.5 

- 

6 

- 

10 

1.4 

5 

5 

3 

: 

- 

-*• 

- 


5 

- 

- 

- 



- 

9 

41.6% 

8 

Aspergillus flavus 

M / 

23 


; 18 

12.5 

33 

20 

30 

20 

20 

21 

30 

27 

3 / 

36 

38 

20' 


23 

11 . 

31 

27 

28 

21 

40 

21 

.,'100%'' 

9 

Aspergillus terreus 

- 

8 



- 

; , - 

- 


- 

2.8 

- 

3 

- 

- 

-> 

: 

- 


- 

“ 

' - 

9 

- 

- 

- 

' 9 

20.8% 

10 

1 Chaeromium globosum 

- 

- 


- 

- 

- 

- 

3.3 

- 

4.2 

- 

- 

- 

- 

- 




- 

- 

6 

- 

- 

- 

-- 

5 , 

16.6% 

11 

Penicillium citrinum 

18 

15 


- 

12.5 

- 

8 

16 

10 : 

8.5 

7.8 

13 

D . D 

i 13 

- 


20 


12 

- 

19 

- 

14 

5.2 

10 

5 

, ' 75% ■ 

T 0 

mm 


• 

• 



- 

- 

- 


■ 

- 

‘ 1.5 


- 

-* 

- 

- 

- 



- 

- 

- 

- 

- 

* 

• 

' 8.3%. 

13 

Rhizopus nigricans 

90 



9 

25 

- 

4 

13* ; 

5 . 

5.7 

4.6 

3 

6.9 

- 

- 

25 i 

- 


5 . 8 

10 

16 


7 

- 

- 

'.,5 

. 70. ,8% 

14 

Fusariuiii oxysporuro 

- 

- 



- 

- 

/I 

- 

5 ; 

1.4 


- 

• 

j. . 

■ - 

- 


- 


- 

- 

- 


- 

- 

- 


' 16-. 6% ■ ■ 

15 

Trichoderma viridi 


- 


- 

- 

- 

- 

- 

- 

- 

> 


1.3 


- 

- 

- 


- 


- 

- 

- 


- 

- 

, '4.0%" 

16 

VerticilluiD alboatrurn ; 

- 

- 


- 

- 

- 


- 

- 


- 

- 

;i 

- 

- 


- 


- 


- 




5 i 


,4.0% 







these fungi are shown in table Xth. & Fig. 10. 

Aspergillus niqer , Aspergillus flavus , 
A. sulphureus , A.nidulans , A.oryzae, A.ustus , Penicilliuro 


citrinum , Rhizopus nigricans showed good percentage 
colonization . 


Aspergillus niger was found to be most 
dominating in all sampling periods. Aspergillus flavus , 
Penici Ilium citrinum & Rizopus nigricans were next to 


in showing frequent colonization & percentage 


frequency , 


Alternaria alternata , Aspergillus f umigatus , 


Aspergillus ustus, Aspergillus terreus, chaetomiuro 


globosum , showed less percentage occurence & were 
isolated only in 4-5 sampling. 

Fusarium oxysporum , Trichoderma viridi , 
Verticillum a 1 boat rum showed very low percentage 

colonization & were isolated only in 1-2 sampling. 

A. niger & A. flavus had the highest 100% 
frequency followed by Penicillium citrinum & Rhizopus 
nigricans , which had "^5% & 70.8% frequency 

respectively. The percentage frequency of A.oxyzae , 
A. Dstu s ranged between 58% to 49% & of Alternaria 

alternata , Aspergillus fumigatus , A.nidulans, 

Chaetomiuro globosum , Fusarium oxysporium ranged between 
16-25% frequency. 




— 


Trichoderma 


viridi , Phycomycea 


Verticillum a 1 boat rum had the minimum percentage 

frequency i.e. between 4% to 8.3%. 


U *.1 (Workin 


Quantitative analysis ; The average number of fungi & 
bacteria isolated from "site 5" at different sampling 
period are recorded in table - Xlth. & Fig. 11. 


The data recorded in table Xlth. shows that 
average number of fungi per plate from 1st. to Vth. 
sampling were very low & remained more or less the 
same. Then increased considerably in the VI sampling 
with a slight decreased in the Vllth. & Vlllth. 
sampling, again gradually increased to a maximum level 
on the Xlth. sampling. From Xllth. sampling onwards 
the average number gradually declined. Thereafter up to 
the last fungi were recorded in Xlth. sampling i.e. 35 
& minimum no. of fungi were recorded in lind. sampling 
period i.e. 3. 


The monthly data reveals that number of fungi 


increased during March 


April when atmospheric 


teropreture in day was 30 - 32 degree C & fast winds 
were blowing. During November, December & January when 
atmospheric tempreture was very low, the average number 
E fungi remained at lowest level. During May & June 







AVERAGE NUMBER OF ORGANISM PER PLATE AT 'SITE V' ie. FROM AIR 
OUTSIDE THE MILL AT DIFFERENT SAMPLING PERIODS. 


SAMPLING PERIOD 


NUMBER OF FUNGI 


NUMBER OF BACTERIA 












average no. of fungi remained at lower level. 

The bacterial population was increased from 
Vth.to IXth. sampling & reached to maximum level in the 
IXth. sampling. From I-V sampling average number of 
bacteria were lowest followed by increase in number 
upto IXth sarnpl ing .After that number of bacteria 
slightly & gradually decreased upto XIVth. sampling 
period. From XVth. sampling number of bacteria again 
declined except in the XXIsc. sampling when the average 
number of bacteria was comparatively high, the number 
remained almost the same however with slight 
fluctuations. 


Qualit a tive analysis : 

The percentage colonization & frequency of 
different fungi of "site 5" at different sampling 
period were recorded in table Xllth. & Fig. 12. 


Twenty species belonging to ten genera were 
found in the air, outside the working unit. 
Aspergillus niger , A. f lavus , Penicillium 
dRizopus ' nigricans showed abundent colonization 


throughout the sampling 


niger was found 


be most dominating species during various sampli 








'VmLE XII 


PERCENTAGE COLONIZATION & FREQUNCY OF V?.RIOUS ruNGI AT ’SITE U 
AT DIFFERENT SAMPLING PERIODS 

I) SAMPLING PERIOD AT INTERVEL OF 15 DAYS 
II) INCUBATION TEMPERATURE 32 2°C 


.NO 

ORGANISM 

: I 

II 

III 

IV 

: V 

VI 

VII 

-VIII 

IX 

X 

XI 

: XII 

Xlll 

: XIV 

XV 

i XVI 

IXVII 

: XVIII 

1 XIX 

XX 

XXI 

XXII 

XXIII XXIV 

FREQDENCY 

1 

Alternaria alternata 

- 

- 

- 

- 

- 

- 

-* 

- 

8 

3,4 

*■ 

. 3.1 

3.3 

- 


- 

- 

- 

8.3 

20 

- 

- 

- 


, , 25% 

2 

Aspergillus sulphureus 

- 

- 

25 

- 

- 

- 

- 

11 

4 

6,8 

8.5 

; 6.2 

^ 3.3 

- 

- 

- 

25 

25 

- 

- 


. , - '' 

18 

8.3 

45.8% 

3 

Aspergillus fumigatus 

- 

- 

- 

- 

- 

- 

- 

'5.5 

8 

- 


■ 9.3 

: - 

14.5 


- 

- 

- 

16.6 

- 

- 

- 

9 

- 

25% 

4 

Aspergillus ustus 

25 

- 

- 

- 

- 

10 

- 

- 

- 

6.6 

8.5 

3 

. - 

12.5 

- 

- 

16.6 

12,5 

- 


20 

- 

- 

- 

37.5% 

5 

Aspergillus niger 

25 

33.3 

50 

33.3 

50 

25 

18.7 

22.2 

28 

27.5 

25.7 

: 25 

33.3 

31.2 

36 

25 

25 

25 

41.6 

20 

30 

38.4 

27.2 

33.3 

100% 

6 

Aspergillus nidulans 

12.5 

- 

- 

- 

- 

5 

- 

- 


- 

- 

: 6.2 


- 

9 

- 

- 

- 


- 

10 

- 

- 

- 

20.8% 

7 

Aspergillus oryzae 

- 

- : 

- 

- 

- 

- 

- 

11 

- 

- 

6.2 

: - 

: - 

6.2 

- 

- 

8.3 


- 

- 

- 

- 

- 

8.3 

20.8% 

8 

Aspergillus flavus 

25 

66.6 

- 

16.6 

25 

20 

12.5 

16,6 

20 

13.7 

17.1 

!15.6 

1 20 

- ; 

27.2 

37 

25 

12.5 

16.6 

40 

40 

38.4 

9 

25 

95.8% 

9 

Aspergillus terreus 

- 

- 

- 

- 

- 

- 

6.2 : 

- 

- 

- 

- 

! 3.1 

[6.6 

“ 1 


- 

- 


- 

- 

' ' - . : i 

15.3 


- 

16.6% 

10 

Aspergillus atropurpureus 

- 

- : 

- 

- 


- 

- ! 

- 


3.4 

28 

: - 

[' - 

- : 

9.0 

- 

- 

- 

- 

- 

- 

'■! 


- 

12.5% 

11 

Basidiobolus sp. 

- 

- 

- 

- 

- 

- 

- : 

- 

- 

- 

- 

- 

3.3 

- 1 

- 

- 


- 

- 

- , 

- 


- 

- 

4.2% 

12 

Chaetomium globosum 

- 

- i 

: - 

- ; 

- 

: 5 i 

: - 1 

: • - 

4 

- 

- 

; 6.2 

: 6.6 

6.3 ; 

- 

- 

- 

- 

- 

' : 

10 

: - i 

- 

- 

25% 

13 

Cladosporium sp. 

- 

- : 

: - 

- I 

- 

- ! 

: - : 

5 • 5 

- : 

3.*l 


- 


- • 




- : 

- 



1 

: ■ ' 

- 

8.2% ' '' 


14 

15 


Peniciliiuiu citrinum 
Penicillium sp. 


12.5 


33.3 


70.8% 



PERCENTAGE FREQUENCY DF VARIOUS FUNGI AT 








A. nidulans, & Fusarium 


appeared in 4-5 sampling during earlier or 


later isolations 


Chaetomium globosum 


Trichoderina viridi showed low percentage occurence & 


Cladosporium 


Penici l lium sp. & Fusarium moniliforme appeared only in 


frequency followed 


lerqillus flavus, Penicillium citrinum & Rhizopus 


f requrncy 


lus furoiqatus , A. ustus , A. orzae , A. nidulans 


& that of 


& Fusarium 


Trichoderma viridi range between 12 - 16 


Clodosporium sp. & Penicillium sp. had 8.3 


Fusarium moniliforme had 



from 


different sites of spinning mill some pathogenic 


frequently isolated. These were 


Mycobacterium tuberculosis . These 


media & Lowenstein Jensen media & were recultured 











CHAPTER 


INTRODUCTION 


considered essential for saprophytic fungi 


(1951) 


many 


1966) 


Reese & Levinson (1952); Jarretr 
Hogg (1966); Rai (1969, 19/0); Fergus (1969); 1 
Singh (1974); These have suggested that the s’ 
saprophytic colonization of a fungus laigely 
upon its cellulolytic ability. This is reflect 


amount 


however 


have 


investigated the decomposition of cellulose in son. 
While it may be argued that what occur in petridishes 
1 aLor;^l-rirv on chemically defined medium is 


different from what occur in 


ticular 


from litter at various stages 


demonstration 


must at least prove its 


cultui 


competitive saprophytic survival in 


isolated from competitive conditions on cotton 
. White et. al., (1948); have also demonstrated 





the ahility of fungi to degrade cellulose. They also 
found that Alternatia pullulans although isolated from 
exposed Gotten fabrics & many decaying plant material 
is not cellulolytic. Its persistence on leaves may be 
through its ability to break down pectic substances 
(Smit Sc Wieringa 1953). 


The cellulolysis adequacy index is defined 
by Garrett (1966); as the respiration rate of a fungal 
colony growing on cellulose per unit of colony 
extension. An increase in the index associated with an 
increase in cellulolysis rate chiefly results from an 
increase in density of the mycelium through a higher- 
rate rf hypal branching. For the purpose of this 
particular inquiry, the method of estimating rate of 
cellulosysis through dry weight loss of the inoculated 
filter paper seems to be satisfactory. The method is 
less satisfactory for estimating the actual percentage 
of cellulose decomposed, because this exceeds 
percentage loss in dry weight by proportion 

corresponding to dry weight of mycelium synthesized 
(together with that of any products of cellulolysis not 
et absorbed by the mycelium. Hogg (1966) suggested 
hat comparision should perhaps be made between high 
cellulolytic activity together with a high dry weight 
production; lower cellulolvtic activity & low dry 
weight production; low cellulolytic activity & high dry 





groups 


o grow rapidly (ii) 


Fungi grow slowly & have a lower 


that 


richoides with the lowest rate of 


decoinp:>s i t ion also should have the longest period 
saprophytic survival in hurried straws. He reaarded 


an economic rate of substrate utilization as tending to 


Ra i (1970) found that the primary colonizers 


ucixisea more cellulose ^n comparision to others 
following them & had a higher dry weight production of 
hyphae. Secondary colonizers utilised cellulose less in 


production of mycelium 


As currenTly understood 


organism to produce two types of enzyme 


designated as C & Cx . The C 


cellulose in such a way that subsequent 


action by Cx 


enzyme oecomes possible . The Cx enzyme is a complex of 
enzyme hydrolysing the beta 1 , 4-glucosidic bonds in 
the cellulose molecules. The Cx enzyme has the ability 
to degrade cellulose derivatives such as soluble 


carboxymethyl cellulose and celluloses 



From the above consideration the fun 


were found to be roost frequent & dominated du 


investiv^ation in sub- section"A 


were investigated as 


culture. The method employed were that of Garrett 


composition of the medium employed was 


CHAPTER - 8 


EXPERIMENTAL 

In these experiments, the comparative 

cellulolytic ability of the dominant fungi reffered as 
above & isolated in sub-section "A" were studied i.e. 
Aspergillus niger , Aspergillus f lavus , Penicillum 

& Rhizopus nigricans were selected to observe 
their comparative ability to utilise cellulose in pure 
culture . 

The method of Garrett (1962); Reese & 
Levinson (1952) were followed & the composition of 
medium was of Hogg (1966) with the modification that 
filter paper were replaced with cotton as sole carbon 
source. Loss of weight of cotton reflected the amount 
of cellulose respired & does not include the proportion 
converted into fungal substance. 


The medium used vras of following composition. 


NH NO 

4 3 

— 

0.1% 

FeSo 

4 

0.001% 

KH Po 

2 4 

— 

0.1% 

Yeast extract 

0.003% 

MgSo 7H 0 

4 2 

0.05% 

Cotton 

1.000% 


(Collected 

from Spinning mill ) 


pH of 

medium 

was 6.1 

- 6.3 



To each 

of a number of 500 ml * er Ichmey 

er flask 

was added 

about 

l*0gm. 

of dry cotton suspended in 

100ml. of 

medium . 

The flasks were autoclaved at 

15 lbs 


pressure/Sq. inch, for 15 min. & then inoculated. In 



each experiment three replicates were inoculated with a 
7mm agar disc of the fungus & three flask were left 
unioculated as control. The flasks were incubated at 28 
degree C. After 25 days flasks were sampled. The cotton 
from each flask was removed washed with distill^^^rl 


constant 


noted. The 


was measured before inoci:lation . The 


recorded in table XVIII 


: " i'' '-y 


! •■'v 


1’ /‘T 


i®tii 





CHAPTER - 9 


RESULT A CONCLUSION 

It was found that all the selected fungi were 
able to utilise varying quantity of cellulose in 
culture. Aspergillus niqer was found to be most 
active with 22% loss in dry wt . of cotton. It utilised 
more of cellulose as compared to others. A^ niqer was 
followed by ^ f lavus , Penicilluum citrinum & Rhizopus 
nigricans successively in their capacity of cellulose 
utilizations. 

Aspergillus f lavus was next to A^ niqer with 
12.6% cellulose utilization while Rhizopus nigricans & 
Penicillium citrinum gave almost the same level of 
cellulose utilization i.e. 11 & 10.8% respectively. 




CHAPTER-10 


COMPETATIVE SAPROPHYTIC COLONIZATION 


INTRODUCTION 


The term competitive saprophytic ability 


introduced 


suggested that in colonization of dead organic matter 


compe 


Garrett (1944) distinguinshed between 


saprophytic servival and saprophytic colonization 


Saprophytic survival is the servival of a parasite in 


occupied while they are still alive. Garrett calls root 


inhabitants to such form 


Competitive Saprophytic 


invasion 


competition with purely saporphytic fungi and other 


low mycelial development of a parasite with in 


the competition from the soil micro flora and 


this competition has been called, as the "Competitive 


characteristics that make 


summation 


for success in competitive colonization of dead organic 


any 




He has explained that the out come of 
struggle between one particular micro organism and 
other for the colonization of a substract will depend 
upon three charactriestices of the micro-organism 
concerned. 

Competitive saprophytic ability of the 
particuler fungus. 


2 . 


The inoculum potential. 


Environmental conditions including the 

population of competing fungi and other micro-organism. 

Garrett (1950) had earlier suggested three 
factors that are likely to influence the former 
attribute. 

Intrinsic growth rate of fungus and rapid 
germination of spores. 

Good enzymes producing capacity 
Tolerance with antibiotic produced by 

others soil microorganism. 

Garrett (1950) defined "inoculam potential 
as the energy of growth of fungus available for 

colonization of substract at the surface to be 

colonized. The third important group of factors 
concerned in Saprophytic colonization is constituted by 
i^oroenta 1 conditions including in particuar the 
number and variety of competitions in the immediate 


( ii ) 
(ii) 




vicinity of both the particular micro- organism under 


investigation and the substrate it is about to 


Competitive saprophytic colonization is 


obiously one of the two forms of colonization (the 


other being parasitic) and initiation of its studiess 


Saprophytic behaviour in case of root 


many workers, among these more notable work has been 


that of Blair (1943) 


Sadasivan 


Upadhyay 


conclusions drawn by these workers and 


root affecting fungi i.e.on fungal pathogen's .Thus the 


behavior of these pathogens with other inhabiting fungi 


were studied by them . The present author is however 


mill. The behaviour of the saprophyts in competition 


with the other saprophytic inhabitants must be 


influenced by the same conditions, as they are liable 


same manner 


colonization of fungi in competition with other 


much 


saprophytic fungus has not been given 
attention .Thus the present work was under taken to 
study the trend in their saprophytic colonization of 
the organism which were most frequently found during 
the isolation studies. 

The evolution of the precise technique for 
estimating "Cornpititive saprophytic” colonizaton came 
with the work of Butler ( 1953a > and subsiquently 
improved by Lucus (1955) known as "Cambridge method," 
based on already known dilution technique. This method 
mainly consider the effect of inoculum potential on 
saprophytic calonization . Other methods have been 
devised by Park ( 1958 , 1959 ) in an indegendent approach 
to the same general problem. 

Dobbs and Hinson (1953) have given evidence of 
the widspread occurance in soil of a fungestatic 

factors inhabiting spores gemmination. 

Garrett (1956) used agar plate model of 

saprophytic competition, suggested that it might be put 
on more practical systematic use for the investigations 
of competitive saprophytic colonization . Rao 

(1958,1959) modified the original "Cambridge method." 
In Rao's technique the test substrate for the 

competitive Saprophytic colonization was a plate of 
acidified Czapak-Doxyeast extract agar. Wastie(1961) 


58 . 



aesignea une cellophane method for investigating 
competitive saprophytic colonization of different 


L-e ana mainly emphasized on competitive 
ability of the pathogen. Competitive 
ability, deserve more attention because 


success of ' cel lophane method' depends on the 


That 


substances passed through 


quickly, while the fungal hypae and other 


micro 


organism of the soil took time to 


Another advantage of the techinique was that 


conveniently compared with respect to the competitive 
colonization of the test fungus on agar plates. 


The third advantage of this method was that 


competition could be increased 


lengthening the time between inoculum of sample on the 
agar plate and eventual inoculation of the test fungus. 

In the present work an attempt has been made 


estimate 


hjt flavus , Penicillium citrinura and 


lit* 



Rhizopus 


which were found to be most 


our course 


in section II A. The method 


employed was that of Wasti 



EXPERIMENTAL 


The method followed was that of waatie (1961) 


the cellophane paper for estimating 


saprophytic colonization of fungi on agar plate and 


mainly emphasized on camparative saprophytic ability of 


In the present study attention has been paid 


to the saprophytic colonization by the active dyanamic 


microorganism 


lying inside the store of the spinning Mill 


The method employed is that of Wastie (1961) 


The idea of testing the above two different samples was 


examine 


which was 



The method followed was that of wastie 
the variation that the pH of medium was k^nt 


cotton 


ove were taken and brought to 
petridishes for inoculation 


laborat 


purpose 


and kept uninoculated for 24hrs 


of water could 


autoclave in 


pressure. These were then kept ready for use. The 
petriplates were inoculated with the help of sterile 


suspension 


e cotton sample in 250ml round 


bottom 


mechanical wrist action shaker for 30 minutes. The 


inoculated plate were covered with sterilized circular 


bubble between cellophane & agar plate 


These dishes were inoculated with 4mro 


f the test fungus in centre. After the dishes were 





inoculated for 


control 


were run in each cases where no inoculation were done 


on petridishes. All experiments were done in 


and disnes were inoculated at 28 degree C. 
diameater of growing colonies were measured after 


in both cases with and without inoculum. The d 


suppression was measured by angle between two curves 


CHAPTER - 12 


RESULTS & CONCLUSION 

Data on growth rates of each test organism are 
plotted on graph paper separately for 0 hr, 24 hrs. 
inoculation of the sample underlying the cellophone. 
The graphs so obtained are presented in Fig. 13, 14, 15 
and 16. The degree of suppression in the angle of 
growtn rate of the test organisms are presented in 
table XIX . The Perusal of these graphs and the tables 
indicates that in case where sample water suspension 
was inocularted, the growth of the test fungus showed a 
pressing effect due to the production of inhibitory 
substance produced below the cellophane by the 
underlying organisms. In case of nearly all the test 
fungi the growth was considerably reduced where sample 
water suspension was inoculated and incubated for 24 
hrs., before inaculating the test organism, it was also 
observed that the test organism were successful 
colonizers in the begining but after a lapse of 24 hrs 
effective amount of inhabiting substance were produced 
that caused depression in growth rates. Thus there is a 
direct corelation between the degree of suppression of 
growth rate and the time interval between the sample 
and test fungus inoculation. 

By comparing the curves of four test fungi it 


was found that all the four test fungi appeared to be 
quite succesfull colonizers. 




TABLE XIX 


DEGREE OF SUPPRESSION IN THE ANGLE OF GROWTH RATE OF THE TEST 
FUNGI INCUBATION OF SAMPLE WATER SUSPENSION 


S,No. 

ORGANISM 

TYPE OF SAMPLE 

Ohr • 

24 hrs. ! 

1- 

Aspergillus niger 

Sample A 

10 

21 ! 



Sample B 

8 

19 ! 

1 

2 • 

Aspergillus flavus 

Sample A 

10 

19 



Sample B 

10 

20 ! 

3. 

Penicillium citrinum 

Sample A 

9 

f 

! 9 ! 



Sample B 

9 

10 ‘ 

1 

4. 

Rhizopus nigricans 

Sample A 

6 

11 i 



Sample B 

6 

11 ! 
r 







RADIAL GROWTH DF TEST aRGANrSMS AT DIFFERENT 


INCUBATION TIME 
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CHAPTER-13 


Suinrnarv & Discussion 
Sub section A 

U.P. State spinning mill of Jhansi is located 
near the air field and consists of two working units 
with an average member of 1000 to 1500 workers in the 
age group of 18 to 50 yrs. working in each shift and 
two such shifts are involved in day & night working. 
The workers complain of various health problems like 
caugh, chest pain, abdominal pain, chest burning and 
Asthma etc. These workers are exposed to a lot of lint 
& fibres floating inside the mill within the working 
chambers. Gupta & Gupta (1984) has reffered the 
respiratory disorder of cotton mill workers. The cotton 
fibres floating in air and deposited on the ground 
harbour a number of micro-organisms which might be of 
responsible for such ailments. Some organisms must have 
been incorporated during handling of cotton. In order 
to enumerate the microflora periodic isolation studies 
were conducted from cotton sample collected from three 
different sites by the author viz. absorbing 

underground channel, store room and the spinning 
chamber. Samples were taken at 15 days interval and 
transferred to sterile round bottom flasks with sterile 
distilled water for shaking. By using wash water for 
serial dilution plate counts were obtained. Peptone 
dextrose agar with rose bengal and streptomycin (Martin 



66 . 



Soil extract (Allen 1957 ) /Nutrient 


agar (Cruickshank et 


Lowenstein 


were used for isolations. In addition to the 


exploration of 


microbial population 


cotton 


aerospora survey for bacterial and fungal spores in the 
'’’^^^hin and outside the mill were also done usino 


gravity petridish method for which sterile 


naving tne above media were exposed in the indoor & 
outdoor places for various period of time (2 to 20 
minutes). The exposed pertidishes were brought back to 
the lab immediately after the exposure. Observations 
were made from 2 to 10 days incubation at 32 degree C. 
Identifications were done using standard taxonomic keys 
& monograghs reffered in the Appendix II and confirmed 
from the identified materials from "Kew" England. 


for absolute number 


percentage occurence have been mentioned 


^ Absorbing channel The absolute number of 
fungi isolated from the underground absorbing channel 
fluctuated throughout the Isolation period Table III. 
Both bacteria and fungi followed the same trend i.e. 
initially for a few sampling their absolute number 




remained almost the same and then declined 


further isolations the absolute number 


increased & reached the maximum level on the 11th 


isolation 


isolation where it reached the minimum number and then 


developed into another peak level on the twenty first 


isolation. There after the number again decreased and 


reached almost the 


last isolation 


the twenty first isolation. The maximum absolute 


number that was recorded on 11th isolation 


minimum 


absolute number was recorded on 16th isolation 


dry weight of cotton for bacteria. Month wise maximum 


and minimum in June 


Qualitatively table IV shows twenty two 


species belonging to thirteen genera 


A. f lavus , Penicillium citrinum & Rhizopus 


nigricans were the most frequent and dominating forms 


Highest percentage frequency was of ^ niqer and A 


followed by R. nigricans 95.8% 


Penicillium citrimuro 91.7 


A . sulphurejjSf 








A . fumiqatua 


Phycom 


virdi ; Fusarium oxyaporum , A. orzyae and Alternaria 


between 25 


‘CEetomium qlobosum, cladoa 


Penicilliun 


Paecilomycea varioti , Mucor hydrophilua between 8 to 


and Verticilium a 1 boat rum, Fusarium solani had the 


The fluctuations in the absolute number from 


high to low might be due to the fluctuations in the 


cimatic conditions of the environment as 


period of investigations the temperature and humidity 


changed according to the months in which sampling was 


Similarly fluctuations in the frequency of some 


species and their abrupt absence could also be due to 


in environment 


shows that the 


SITE II Store room 


absolute number of 


bacteria isolated from 


cotton were much less as compared to the absolute 


number obtained during the isolations from site I. The 


absolute number for fungi and bacteria were recorded on 


the 9th & 12th isolations 


minimum absolute number was on 16th and 15th isolation 


The maximum and minimum absolute number 


maximum 


- ■ i 1 






number was recorded in April and the minimum number 


June 


microorganism in 


the month of September as observed in the site 1 was 


Qualitatively eighteen sp. belonging to 


fol lowed 


Penicillium citrinum 


A. sulphurejus 45.8 


A. alternata, A. fumigatus 


ust us , A. oryzae , A. terreus , Chaetomium globosum 


Phvcoroycea 


between 16 


sporura 


while Verticillium alboatrum 


Table - VI 


chamber : -Absolute number 


explored from the composite samples obtained from three 


chambers situated inside the mill are given in table 


e number was 


on the 9th isolation which 


n again increased and reached another peak on the 


id and 23rd isolation and then again decreased. The 


maximum value for fungi was in 9th isolation i.e 



BBBMI 


The minimum absolute number was obtained for 


fungi on the 3rd isolation i.e. .08x10 /gm dry weight 


and for fungi on the 3rd isolation was 3.0x10 /gm dry 


weight. Compared to the absolute number of organism 


site the initial high absolute number obtained during 


November was not found in the earlier sites. This 


initial high absolute number might be the effect of 


biotic disturbenses caused by the increased number of 


manual labour employed during such period of 


investigations. Monthly analysis shows that during 


march & April a higher absolute number was found while 


the lowest number was 


January. The working intensity of the mill appears to 


absoluite number of microorganisms rather then the 


seasonal variation as 


being maintained throughout the spinning period within 


these (chambers 


Qualitatively sixteen sp. belonging to nine 


were recorded in the table VIII with A 


flavus, P. citrimum and R. nig^ricana had 87.5 


aulphureuS . A. f umiqatua , A. nidulana 


A. ter reus, Chaetomium 








lobosum 


and M. hydrophilus had 4.27 


number of 


The maximum number of 


were recorded in the IXth isolation and then in Xlth 


and Xllth isolations this number 


on the XXth and XXIst 


Maximum number was 


bacteria while the lowest was 5 on XVIth isolation of 


fungi and of Bacteria in the 2nd isolation i.e. eleven 


Qualitative analysis as evident from the data 


in table X shows that the hightest percentage frequency 


followed by P 


cit-rinum 75 


betweem 38 


Alternaria 


A. furaigatus 


nidulans 


Chaetomitim 


lobosum, F 


Trichoderma virid 


Verticillium 


alboatrum was between 4 


The number 


of organisms per plate were less as compared to the one 


observed in the above site. The minimum number of fungi 


nd bacteria were isolated on the 2nd isolation while 



the maximuni number was observed on the 11th isolation 
for fungi and 9th isolation for bacteria. For fungi the 
maximum number and minimum number found were 35 and 3 
while for bacteria it was 46 & 4 . 


The monthly data reveals that the 


cl imatic 


variation has considerably influenced the number of 


he number 


reduced 


atmospneric temperature was 30 
found per plate increased. 


32 degree C the number 


Qualitatively twenty sp. bel 


genera were recorded with the maximum % forA 


P. citrium 


A . fumiqatus 


nidulans 


Trichoderma , viridi 12 


Cladoporium 


Pencil lium 


F. monxliforme with the 


lowest 


During isolation pathogenic bacterial 
were also frequently met these were Staphyl 


forms 


tuberculos i s 


on Blood 






Rhi zo pus , s to lonifer , Trichoderna viridi, Verticillum 


agar Lowenstein Jensen and Nutrient media. These were 
seperated and stored for future use in further 
studies. 


sp . These results are again similar to the qualitative 
analysis of the author. Dominance of species of genus 
"Aspergillus" is in conformitry with reports of Tilak 
and Chakre , ( 1979 ) , Jaya Proikash et . al . , ( 1978 ) Jaya 
Prakash and Ramalingan (1981); Santra and Chandra 
(1981); Mehta and Sandu (1983); Aspergillus niqer and 
A. f lavus were the most common fungal species at both 
places (indoor and outdoor) (Rashmi Tewary 1991). Sinha 
i al . , ( 1981 ) have also found the abundance of A. 
qer in the air at Calcutta. 

Marsh and Bollenbacher (1949) described 
ngi concerned in fiber deterioration while Alka 
(1991) has described fungi concerned in the 


Bagga (1970); Nigam et . al . , ( 1959 ) and 
Simpson and Marsh, (1969), also isolated fungi from 
cotton balls & cotton fabrics. Nigam et . al . , ( 1959 ) 
obtained bacteria in the range of 2,000,000 and fungi 
in the range of 80,000 from cotton fabrics, the results 
are quite siroiler to the number obtained by the author. 
These workers have also isolated A. f lavus , A. 
f uroiqatus , A. nidulans , A. niqer , A. ustus , 
cladosporium, herbarm, Fusarium moniliforme, F. solani. 



deterioration of cellulose dominated waste, but the 


authors main concerned was not of the 


successional deterioration of cotton but was the 


microbial dynamisms as operating on the cotton fibre 


being used in the spinning mill of Jhansi 


While comparing the microbial population of 


that in site I the absolute numbers obtained in each 


two sites. The reason was that at site I, the cotton 


fibres were comperatively shorter and were thoroghly 


raained lying for a considerably larger period 


Thus 


e number of nutrient substances of 


own group 


of microorganism and thus the total number increased 


When 


e number of 


in addition of 


e a fair amount of other 


raw and free from dust and other organic substances 


hence had smaller number of organism's incorporation on 


While comparing the percentage occurence of 




75 . 


in site I, twenty two sp. belongs to thirteen genera; 
Site II, eighteen sp. belonging to eleven genera; Site 
III, sixteen sp. belonging to nine genera; Site IV 
sixteen sp. belonging to nine genera ; Site V, twenty 
sp. belongiong to ten genra were isolated. 

All together twenty four sp. belonging to 
thirteen genera were isolated from the variuos sites 
studied. The monthly seasonal variation of differenct 
fungi on cotton samples has been showen in table XIII. 

A persual of table shows that Fusarium solani and F . 
monilif orroe occured only in one sampling, among the 
other occasionally appearing sp. which appeared in 2-3 
months were Verticiliutn a 1 boat rum , Paecilomyces 
variati and Aspergillus atropurpureus . The monthly 
seasonal variation when compared with the indoor air to 
outdoor air it was observed, as found in table XIV and 
XV, that in the indoor air there were only ten species 
as compared to twenty sp. of the outdoor air. From the 
table it can be noticed that ^ niqer , A. flavus , P . 
citrinum and Rhizopus nigricans occured almost every 
month and were least effective by the seasonal 
variation with reference to the average number of forms 
in different seasons, it can be observed from table 
XVI that on an average number of form which occured on 
cotton during various months were as Nov., 7; Dec., 6; 
Jan., 6;, Feb., 10;, March-11; April-9; May-6; June-6; 






in fungi from 


Months 


Fungus 


llus flavus 


Basidiobolus sp. 
Chaetomium globosum 


Fusarium oxysponaro 


Mucorhydrophilus 


Penicillium citrinum 


Phycomyces sp. 
Rhizopus nigricans 
Trichoderma viridi 
Verticil lum alboatrum 






TABLE - XIV 


Seasonal variation in fungi obtained from indoor air of spinning mill 


Months 


S .No . 

Fungus 

INOV 

[DEC 

1 

[JAN 

[ FEB 

> 

[MAR 

[APR 

1 

[MAY 

1 _ ^ ^ „ 

[ JUN 

I 

[ JDL 

[ ADG [ SEP [ OCT [ 

1 1 1 j 

1 - 

lAlternaria alternate 

1 

1 

1 ““ 

1 4- 

1 

1 + 

1 

[ + 

1 

1 

1 

1 ” 1 “■ ’ ” ' 

2 - 

[Aspergillus flavus 

1 + 

1 + 

1 + 

1 + 

1 4- 

1 4 . 

1 4- 

! 4“ 

1 + 

i 

1 

1 

1 4- 

1 

1 

1 

1 

1 4- 

1 

1 

1 

1 

1 4- 

1 

1 

3- 

lA. fumigatus 

1 

1 

1 

I 4 . 

1 ““ 

1 4- 

1 + 


1 __ 

1 

[ - [ + [ - 1 

4- 

1 A.nidulans 

1 *“ 

1 *“ 

! *“ 

\ + 

I 4- 

1 4- 

1 + 

1 *“ 

1 *“ 

1 

1 

4- 1 

1 

1 

! 

i i 

1 

1 

1 

1 

4- 1 

1 

1 

1 

5- 

[A. niger 

: + 

1 + 

1 + 

; 4 - 

\ 4- 

1 ^ 

1 + 

; 4-' 

1 4- 

1 

\ 

1 

1 4- 

! 

1 

1 

1 

1 4- 

1 

1 

1 

1 4- 

1 

6- 

lA. oryzae 

1 

1 

1 + 

1 

1 + 

1 + 

1 + 

1 "* 

1 “* 

1 + 

1 

1 

\ 

1 1 
! 

1 

1 

1 

1 4- 

1 

1 

1 

1 4- 

I 

7- 

lA. sulphureus 

1 + 

1 *“ 

1 4- 

1 "" 

; 4- 

1 + 

1 4- 

t 

1 + 

[ - 1 + ! + 1 

8- 

lA. terreus 

1 + 

1 ““ 

1 ““ 

1 ^ 

^ — 

1 + 

1 4- 

1 

1 

I “ 

1 "" 

1 

1 

1 

1 4- 

I 

1 

1 

1 

i 1 

1 

I 

1 

1 

1 + 

1 

1 

9- 

lA. ustus 

1 

t 

1 + 

1 4- 

' 4- 

1 4- 

1 • + 

1 ““ 

1 — 

t 

; 4- 

1 

1 

1 

1 t 

1 

1 

1 

1 

1 4- 

1 

1 

1 

1 

1 4* 

1 

1 

10- 

1 Chaetomium globosum 

1 

1 

1 

1 

1 

1 

1 + 

1 4- 

1 

1 

1 

t 

1 , 

[ + [-[ + [; 

11- 

[Fusarium oxysporum 

1 ““ 

1 

1 + 

1 4- 

1 + 

1 + 

1 "" 

I “ 

1 " 

1 « ■ ' •' ■ ' ' - ' . ■' 

, - , 1 ■ - ^ . I ■ ^ ■ 1 , . 

12- 

iPenicillium citrinum 

- — 

1 4- 

1 4- 

1 4- 

1 4- 

1 4- 

1 4- 

1 + 

1 + 

[ + 

1 + 1 + 1 + ! 

13- 

iPhycomyces sp. 

1 ■“ 

1 

1 *” 

1 4- 

1 4- 

t *” 

i "" 

1 — ■ 

1; __ 

[ - [ - 1 - [ 

14- 

iRhizopus nigricans 

1 + 

1 + 

; 4- 

1 4* 

; 4- 

1 + 

! + 

1 + 

[ + 

! 

1 

+ 1 

1 

1 

4-1 

1 

4- 1 

1 

1 

15- 

1 Trichocderma viridi 

1 ^ 

1 ““ 

1 

1 

( _ 

1 ^ 

; 4- 

t 

1 

< — ■ 
» 

1 

1 ““ 

' , I. , " 

1' 

", ■ ■ ^ '' , ,t ■ , “■ ■ '■ . ■■■• 



“ — — 






1 

1 

I ^ 

1 - 1 - [ + 1 


16 - 1 Verticil lumalboatrum 1 - 1 





Seasonal variation in fungi obtained from 


Months 


Fungus 


A. sulphureus 


Basidiobolus sp 


12- IChaetomium globosum 


13- 1 C.ladosporium sp 


14- 1 Fusarium moniliforme 


16- IPenicillium citrinum 


Phycomyces sp 




liilil 







Average number 


air out door & indoor) 


Average number of 
forms on cotton 


Average number of 
forms in indoor 
air 


Average number of 
forms in outdoor 
air 


Months 


months 


November 




1 

i 

' 11.0 

i 

1 

14.0 

•' 09.6 

1 

1 

14.0 

06.6 

1 

1 

05.0 

; 06.3 

04.0 

; 08.2 

09 . U 

• 11.1 

1 

1 

07.0 

11.0 

1 

) 

08.0 

'' 09.1 

11.0 




TABLE - XVII 


Percentage frequency of fungal test organism at different sites 


S.No. 

1 

1 Fungus 

1 

Site I 

I 

1 

ISite II 

1 

t 

1 

ISite III 

1 

1 

1 

ISite IV 

l 

1 i 

1 i 

ISite V 1 

1 1 

Cotton 

In door 

t 

i 

i 

1 

1 

t 

t 

Out door I 

i 

1- 

I 

lAlternaria alternate 

29.2 

'l 16.7 

1 12.5 

! 20.8 

! 25 1 

- 

... 

* 

1 

+ ; 

2- 

lA. atro’-'erpureus 

- 

! 


1 *” 

1 12.5 

- 

- 

1 

'1 

3- 

lA. flavus 

100 

1 100 

1 87.5 

1 100 

1 95.8 1 

+ 

+ ■ 

* 

» 

+ 1 

4- 

lA. fumigatus 

41.7 

1 29.2 

1 20.8 

1 25 

1 25 1 

+ 

+ 

( 

+ ! 

5- 

1 A.nidulans 

25 

1 _ 

1 25 

1 29 

1 20.8 

+ 

■f* 

f 

1 

+ ' 1 

6- 

lA. niger 

100 

1 100 

1 95.8 

1 100 

1 100 1 

+ 


1 

1 

+ ' ■ ,J 

7- 

lA. oryzae 

29.2 

1 20.8 

1 12.5 

1 41.6 

1 20.8 1 

+ 

, + 

1 

1 

+ ■ ; 

8- 

lA. sulphur eus 

45.8 

1 45.8 

1 25 

1 45.8 

1 45.8 1 

+ 


1 

\ 

+ ! 

9- 

lA. terreus 

33.3 

1 20.8 

1- 8.3 

1 20.8 

1 16.6 1 

■+„' ■ 

+ 

I 

' + ■ ! 

10 

lA. ustus 

50 

1 16.7 

1 33.3 

1 37.5 

1 37.5 1 

+ 

' '' , + ■■ 

1 

1 

+ ' 

11- 

1 Basidiobolus sp. 

8.3 

1 8.4 

1 4.2 

1 

1 4.2 1 


- 

r 

t 

■ +, : ! 

12- 

1 Chaetomium globosum 

8.3 

1 12.5 

1 8.3 

1 16.6 

1 25 1 

+ ' 'i 

-f 

1 

+ I 

13- 

1 Cladosporium sp. 1 

8.3 

1 16.7 

1 

i 

1 8.3 1 


- 

j 

f 

+ ! 

14- 

1 Fasarium moniliforme ! 

- 

1 

1 

1 

1 4.2 1 

“ 

■ , 

1 

1 


15- 

IF. oxysporum i 

33.3 

1 12.5 

1 20.8 

1 16.6 

1 29.1 1 

■f 

' . 

1 

i 


16- 

IF. solani 1 

4.2 

1 

, — 

I 

1 

1 — j 


' . 

1 

1 

. 'i 

17- 

1 Mucorhydrophilus 1 

12.5 

1 4.2 

1 4.2 

1 ^ 

i * 

'+ , 


I 

r 

' ' i 

18- 

iPacilomyces varioti 1 

12.5 


\ ““ 

1 ^ 

t „ . ■ 1 

■ ■+ ' 


1 

» 


19- 

iPenicillium citrinum 1 

1 91.7 

I 71.4 

1 70.8 

1 75 

1 70.8 1 



i 

i 

20- 

iPenicillum sp. 1 

7 

1 12.5 

! 

1 

1 8.3 1 

■ ' +■ ' 


1 

1 

+ 1 

21- 

1 Phycomyces sp. 1 

33.3 

1 16.7 

1 8.3 

1 - 8>3 

1 12.5 1 



1 

» 

22- 

IRhizopus nigricans 1 

95.8 

1 87.5 

1 66.7 

1 70.8 

1 58.3 1 


' ■■■ ■+ . ■ 

i 

1 

+ 1 

23- 

iTrichoderma viridi 1 

25 : 


*“ ■ 

! 4 

j 12.5 I, 



1 

f 

+ 1 

24- 

1 Verticillum alboatrum 1 

4.2 

14.2 


r i 4 ■ 

: 1 : 9.11: 

+ 


I 

1 

+ 1 


July-8; August-11; September-ll ; & October-9. These 
numbers carried when isolations vi?ere done from air, 
inside the mill and out side the mill. Generally the 
number of forms out side the mill were comparatively 
larger as compared to the forms inside the mill. This 
variation might be due to the larger climatic 
variations and larger component of ecosystem involved 
in the outer atmosphere as compared to inner 
atmosphere. The percentage frequency of organisms which 
appeared at various sites are given in the table XVII. 

A perusal of table shows that A^ niqer , was in highest 
percentage, followed by f lavus , Penicil lium , 

citrinum and Rhizopus nigricans because of their 
occurence in highest percentage frequency, these 
organisrms were selected for further studies. 

In all sites the author found that the 
absolute number of microorganism reached a peak level, 
two or three times alternatively followed by decline. 
This night be due to the type of organic matter being 
consumed. Initial rise shows the consumption of matter 
which represent the primary moulds. The secondry moulds 
concide with the second peak level and the third peak 
representing the tertiary moulds which are less and 
more stable. The author howev'er could not distinguished 
between primary and secondry moulds as recorded by 
Kaarik (1974): Garrett (1951) & Bharat Rai (1970). 


Numbering in definite sequence in strict sence could 
not be traced in successional pattern. This observation 
resembiea with those of Mehrotra and Aneja (1974) and 
Kamal and Shrivastava (1975). 

The percentage occurance of various fungi 
isolated from various sites also showed almost the same 
fungal organism in higher percentage occurance. Some 
species made occasional appearance. This might be due 
to the poor colonization ability of these organisms or 
due to the poor amount of enzyme secretion concerned in 
the process. 

The on set of moisture leads to the burst of 
microbial activity Aspergill i were more abundant 
during the entire period of isolation, followed by 
Rhizopus and Penicil liuro sp» The fungi imperf ecti 
occured on various occasions. Aspergillus , Penicillium 
and Rhizopus made up the major part of the population 
as observed by the author, similar observations were 
those of Pugh (1958). Many species multiply rapidly at 
first, dwindles as the envirnment changes. Temperature 
changes unavailability of food supply probably exerts 
the greater influence in determining the species of 
organisms comeprising the population at any one time. 





SUB-SECTION - B 


In the sub-section 'A' above four 


Penici Ilium citrinura and Rhizopus nigrican were found 


in this sub section 


essential phenomena for saprophytic fungi 


(1948). This 


many 


has incuded Clodosporium herbarium and Alternaria 


tennius in a list of cellulolytic fungi isolated from 


made a comparative study of cellulose decomposing 


foot rot. Garrett (1966) 


has employed cellulolysis adequecy index as a measure 


of cellulose decomposing ability. The author used the 


method adopted by Garrett and the medium of Hogg to 


four fungus and recorded the data in the table XVIII 


Among these four A 


was found to be most active 


P. citrinum 10.8 


cotton. These results point to the fact that these 






SUB SECTION - C 










After 

deterrni 

ning cellulolytic 

ability of 

four 

selected 

fungal 

organism their 

competitive 


saprophytic colonization was studied in this section. 
The competitive saprophytic ability of these organisms 
were tested against the organisms which occur in the 
wash water suspension developed from cotton samples. 
The method followed was that of Wastie (1961). The wash 
water used was of two different sites. The data on 
radial growth are plotted separetely for 0 hrs., 24 
hrs.and control. The graph obtained are present in the 
figures 13, 14, 15, 16 and data recorded in the table 
XIX. The observed results show that these organisms 
were quite successful colonizers. The cotton samples 
obtained from absorbing channel and that obtaioned 
from store gave almost the same results . The 

inhibitory effect as observed from the degree of 
supression in angle shows that supression in angle of 
growth rate of the test fungi is more in a sample of 
site I. This might be due to the secretion of more 
inhibitory substance produced from micro-organisms 
underlying the cellophane, by the organism of the site 
I. In case of all test fungi the growth was reduced 
when sample water suspension was inoculated and 

incubated for 24 hrs. before inoculating the test 
organism. It was also observed that test organisms were 
successful colonizers in the begining but after 24 hrs. 



effective amount of inhibitory substances were produced 


which resulted in the depression in the growth rate 


Thus there is a direct correlation between degree of 


supressi.on of growth rate and the interval of 


inoculation between sample and test fungus 


i'li 




CHEPTER 14 


INTRODUCTION 

Fungicides & antibiotics are widely 
used to control the growth of various disease producing 
raicroorganisrn. These substances are agents that kills 
or inhibit microbial growth & development (Mehrotra, 
1980 ), but are neither used in controling microbial 
spoilage of cotton fibre during its storage nor during 
spinning process. These substances may cause problems 
to the humans & thus unsafe to be used indiscriminataly 
St frequently at such places, where large number of mill 
workers are involved. The use of fungicides & 

antibiotics exert a positive or negative influence on 
the total microflora of the region. The pattern of 
microorganisms development after treatment can 
sometime cause unexpected problems, (Domsch (1964); 
Lockwood (1964); New hal 1 ( 1955 ) . ) . Unexpected benefits 
sometimes occur (Altman (1965); Collins (1965) ). 

There is an enormous amount of litrature 
available on fungicides, their chemical St 

physiological role. Among these " Principles of 
fungicide's action" by Horsfall ( 1956 ); "Fungicides" An 
advanced Treatise, in two volumes by Torgeson (1967, 
1969 ); "Fungicidal chemistry" by Rich (1960); iChemistry 
St Physiology of fungicidal action" by owns (1963); 
"Studies on nature of fungicides (Anon 1943 )," Role of 
fungicides in modernizing agriculture in India"by Mehta 



(1974); Chemical control of plant disease. An exciting 
future by Sbragia (1975). 


The Adaptations of fungi to fungicides have 
been explained by Parry & wood (1958 , 1959); Jack & 
Smith ( 1952 ) ;Malati Majumdar & Som.D. ( 1987 ) ; Partridage 
& Rich (1962); Sridhar (1974); Shltala & Sinclair 
(1963) are few worth mentioning. 


Inhibition of fungi is the underlying 
principle of almost all fungicides, they can effect 
its reproduction or growth . Effectiveness of 
fungicides depends upon quantity, nature & age of 
inoculum, as well as pH & concentration of medium 

(Sugunakar Reddy et . al . , ( 1979 ); Donald E. Munnecke 

(1972). Apart from these factors Domsch (1964) however 
considered temperature & humidity among the 
enviromental factors to be important . The action of 
any fungicides is comparatively low at low 

temperature. When fungus growth it self is temperature 
dependent, only single fungicide or better fungicidal 
combination which are temperature dependent should be 
used. It is not unlikely that certain fungicides have 
different optimum temperature for different fungi. 
Humidity & temperature may effect .both the penetration 
of chemicals & also degree of sensitivity of the 
fungus. Humidity must be maintened to acheive 
inhibitory effect of the fungicide. 


Taking the investigation of some fungicides 

which are frequently used in agricultural (Thiram, 

Captan, Bavistin) & taking them with all the 

indispensable reservations, it is evident that normally 

when they are applied in normal recommended does they 

reduces the total number of fungi, bacteria 

significantly (Domsch 1964). Studies on the adaptation 

of fungi to fungicides has been carried out on 

Penicillium notatum , P ♦ rogueforti , Sclerotinia 

f ructqena , Stenphylium sarc inaef orme , Botrytiscinetea 

with fungicides like, CuSo , Hgcl , Glyodin, Captan, 

4 2 

TMTD, Ziram, Nabam, Zineb, Thiram, Ferbam etc. In most 
of these cases Domsch (1964) found that the fungi 
develops tolerences to fungicides 5t retain that 
tolerence after transfer to fungicids free agar. In 
some cases the adopted strain shows a lower viability 
than T.he parent strain. Here Domsch 1964, is of the 
openicn that strain with high fungicide tolerence but 
lower ability to competete with the parent strain will 
not survive in soil. Sharroa & Chauhan (1985); Simbya 
et . al . , (1969); Sridhar (1974); Bad & Moss (1988); 

Abdel et . al . , (1981); Raynal ( 1973 ) ; Polyakav et . al . , 

(1963); Hausain et . al . , (1971) have studied the 
effect of certain fungicides against various fungi. 
Patil & Rao (1972) have studied the effect of 
fungicides on spore germination & mycelial growth of 
Alternaria tenuis & Phylla&tica gerbericola . Fungicides 



Aureof ungin 


Brassicol & Thiram 


Sirnilarly Thiruraalachar (1968): Rahanlkar & Neeragaard 


spore germination against 


several phytopathogenic fungi. Thakre & Johri (1973) 


mycelial growth of some thermophilic fungi, in this 


(1964) have found that MIC of 


thermophilic fungi is much 


higher then that of 


review 


on the adoptation of fungi to fungcides Thiram 


used Aureofungin for inhibiting spore germination of 5 


Tripathi (1968); Thakre & Johri (1973). Thakre & Johri 


while studing the swelling phase & spore germination of 


pergillus fumigatus and Rhizopus sp. have concluded that 


swelling phase is less sensitive to action of 


antibiotic than the subsequent germination phase 




Sharma 


& Chauhan (1985) have 


evaluated 


fungicides against four foliar cotton pathogen i.e. 
Alternaria , Heltninthosporium , Curvularia & Myrothecium 
Simbya (1969) have worked on cotton boll rot 
in Arizona. The rot was found to be associated with 
Rhizopus arrhizus , Aspergillus niger , A. flavus , 
Penicillium sp. , Fusarium roseum & Trichothecium & 
found that these were inhibited by Captan. Shridhar 
(1974) evaluated fungicides against Rhizopus sp. 

The word "antibiotic" was first used by 
Waksrnan in 1942. According to Waksman 1944-47, 
"Antibiotic are antimicrobial agent of microbial origin 
that can inhibit the growth of bacteria or even destroy 
them & other micro-organism". 

N.S. Egorov (1985) suggests the following 
defination for"antibiotic substances" , antibiotics arc 
specific product of metabolism or their modification 
with high physiological activity against individual 
group of micro-organism (Virus, bacteria, streptomyces 
fungi, algae, protozoa) or against malignant tumurs that 
can selectively slow down or completely inhibit their 
growth . 

Antibiotics are not equally effective against 
all the different kind of microorganism. Some 
antibiotics are inhibitory to many different species 



(broad spectrum) . While some are in 


Johnson 


Chaursia 


on various 


wall peptidoglycan biosynthesis (2) effecting cell 
membra tie ( 3 ) I nh i bi t i ng DNA synthesis (4) Tnhi tii -t- i nrt 


(Powar & Daginawala 1982). Before 


using any fungicides or antibiotics it is important to 
determine whether or not the said concentration is safe 


for humans and at the same time effective 


micro-organism. Thus experiment should be planned to 


proper concentration of the substance to be 


& Snow (1971 


Power & Daginawala (1982), have 


good information on the biochemistry of antimicrobial 
agents. .2^11en (1968) while describing the mechanism of 


action of antibiotic has given M.I.C. of tetracyclin 


(1968) has described similarly the mechanism of action 


t reptomycin . Korzybski et . ^1 


(1969) have 


nature & 



train 






view to select the fungicides/ 
control the growth of the test 


Experiments were performed to find 


minimum 


concentration of the se 


(3) The fungicides and antibiotic which were found to 
be active against the test organism were further 
screened in different dilutions for their effect on the 
radial growth of th test organisms. 


The selected fungicides and antibiotics 


on spore germination of the 


organisms 




CHAPTER - 15 


EXPERIMENTAL 


Prelimina 


agar diffusion technique, where an in 
developed if the test organism is s 


antibiotic used 


were Brassicol, Thiram 


Streptomycin 


medium 


Inhibitory 


zone obtained against the fungal organism 


Aspergil lus niger , A . £ 1 avus , Penicil lium citrinum 


From this 


ry screening experiment fungicide antibitic 


gave promising results were selected and observed 


concentrations while antibiotic in 15, 10, & 5 


concentrations. The inhibitory effects were recorded in 


table XXI 


Among the bacterial organisms Staphylococcus 


Bacillus 




screening against Penicillin, Streptomycin, Kanamycin, 
Tetracyclin, Erythromycin, Rifaraycin & Neomycin in 25 
ugm/ml concentration on Nutrient agar / Lowenstein 
Jensen Medium. The tests were performed as per Karkaani 
(1969) paper disc method. Inhibitory zone obtainpd 


given in the table XXII 


Prparation of Plates 


concentrations o 


solidified, previously sterilized glass cylinder of 
uniform volume & size were fixed asceptically along the 
periphery. These were kept uninoculated for 24 hrs. to 


inoculation 


agar inoculation in the centre of the petriplate. 

24 hours of incubation at 28 degree C egual 


volumes 


2ml ) of the above mentioned 


desired dilutions were added to the 


The time interval given inbetween the 


inoculation of the test or 


give sutricient time for the organisms to grew freely 
& the fungicide to act at the time when the fungus was 
activity growing. In case of Rhizrjus which in t-hc faai 


growing fungus the inoculation ^inhibitory agents were 
added simultaneously for obvious reasons. Triplicates 


iliiili 




Ulliiii 

















roininium concentration 


avoiding unneccesarily raised 


could 


be harmful 1 for human dealing with cotton 
with said concentration of antibiotic or 


(I) Minimum Inhibitor 


against fungal test organisms 


in the above screening experiment Bavistin, 
Captan & Aureofungin were found to be promising hence 
selected for their study on M.I.r. 


'o concentration, while 


concentration. When th 


medium solidified 


Penicillium citrinura 


lus nigricans were inoculated with 7 mm inocula 


discs in the centre of petriplates. M.I.C was 
determined by examing the growth of fungi in plates 
having fungicides in the above 3 dilutions. The lowest 


ion 


growth after 48hrs 


as M . I . C of that 


fungicides. Result obtained in the experiment are given 
in table XXIII plates 1, 2. 3. 



(II) Minimum Inhibitor 


concentration of antibiotic 


By the tube dilution method d 


one can determine the smallest amount of 
antibiotic required to inhibit the growth of organism 
in-vitro under the same principle increasing amount of 
antibiotic were placed itj serifs'?? of onifut-o 


peptone broth. The 


concentration 


was run as 


eries of tubes were then inoculated with a test 


m incubated for 24hr 


concentration of antibiotic in the 


completely inhibited the growth of the test 


was noted & considered as M.I.C. of that antibiotic. For 


cobacuerium tuberculosis results obtained are 


in Lowenstein & Jensen medium. For each antibiotic the 


series consisted of 15 dilutions i.e. .002 


Ugm/ral of the medium . Thus for each of the antibiotic 


used i.e. Pencillin, Streptomycin , Tetracyclin, 
Erythromycin & Rifamycin data were recorded for growth 


on all the above mentioned dilutions in the table XXIV 






ions are shown in the 


s experiment Proteus 


ions & Mycobacterium tuberculosis could 


ions 


either Penicillira or Erythromycin 


Thus in addition to 


foi" Mycobacterium tuberculosis 


Penicillin & other for Erythromycin 


Inoculation of 


previous experiment & results are shown in table XXIV B 


Minimum inhibitory concentration obtained 


experiments for the antibiotics tested with 


organisms are summaried in 


the table XXV 


EXEPRIMEUT 


From the above experiments fungicides / 
antibiotic which gave promising results were selected 


for their further study on the radial growth of the 


Penici Ilium citrinum & Rhizopus nigricans. Bavistin & 


itsili 






^ concentrations 


while Aurof ungin was used in 


10 ugm/ml & 5 


concentrations 


effect on the radial growth are given in table XXVI 


Streptomycin, Penicillin, Tetracyclin, 

Erythromycin & Rifamycin were found to be effective 


Pa cillug sjp^, Proteus sp. & Mycobecterium tuberculosis . 
These were selected to study their effect on the radial 


growth of all the above mentioned bacterial 


except Mycobacterium tuberculosis . This 


primary 


macroscopical ly visible until 10 


incubation or as late as 6 - 8 weeks 


different concentrations. Concentrations selected for 


These concentration & their observations are 


given in table XXVII 


Prepetation of plates 


For this experiment 


fungicMes / antibiotic were added in the above 


mentioned concentrations to PDA for fungi & to 


nutrient agar for bacteria at the time of pouriong & 


mixed by giving rotatory movement , when the medium of 





EXPERIMENT ’ D 


experiment was performed to determine 


the effect of selected fungicides Aureofungin, Bavistin 


& Captan on the mycelial growth of 


A. f lavus , Penicil lium citrinum, Rizopus nigricans in 


broth cultures. Fungi were grown on 35 ml. of potato 


dextrose broth medium in 100 ml. conical flask. The 


under sterlized condition before inoculating the flask 


ith 7 mm disc of test fungus. There different 


while Aureofungin in 10 


& 1 ugm/ml concentration. All flaskiS weif§ i rKiuba 


Control were also run 


where plain medium was used Without incorporation of 


plates were solidified then plates were inoculated with 
a 7 mm agar disc of the test organism in the centre. 
Control plates were kept without adding any fungicide 
or antibiotics. Triplicate were taken for each test. 
The discs were incubated at 28 degree C for fungi & 32 
degree C for bacteria. The diameter of the growing 
colony was measured after every 24 hour upto 72 hour 
and the average of the triplicate were recorded in 
table XXVI & XXVII. 





After 10 days of incubation at 28 d 


fungal mycelila mat from the flask were 


calcultated. The data are shown in table XXVIII 


for this experiment as they do not develop vegetative 


mycelium. The dry weight of their vegetative cell were 


negligible. The effect of antibiotic in broth on their 


population is considered in the next experiment 


EXPERIMENT 'E 


EFFECT OF SELECTED FUNGICIDES / 


ANTIBIOTIC ON SPORE GERMINATION OF TEST ORGANISMS 


above 


xperiments were further screened for their 


effect nn spore germination of test micro-organism. The 


dilution used were the same as used in the experiment 


on radial growth. Method of examination for fungi was 


different from that adopted for bacteria & is being 


discussed below. Experimental observations are recorded 


in the table XXIX & XXX 


(I) Influence of fungicides on spore germination of 


Activily growing fungal test organisms 


Penicillium citrinum 






test fungus was prepared from fresh 
the above petriplates (app. 3 - 4 x 10 

a drop of this was placed on plain PDA 


chamber & subse 


were run as 


Aureofungin on spore germination of test organism were 


evaluated on agar discs which contained Bavistin & 


concentration & 


concentration 


Germinated spores were counted microscopically after 4 


8 St 1 2 hrs . At least 100 spores were counted in each 


treatment Results are accorded in table XXIX 


(II) Influence of antibiotic on 


Method adopted was that used by Queshel ^ 


(1971) with the modification that the bacterial 


degree C. Spore suspension was prepared by growing the 


on nutrient broth (Oxoid) . Plates 


incubated at 32 degree C for about 40 hrs. Sc then 


harvested by washing of the growth with sterile 


suspension was 






to kiJl vegetative cells, after which the 
washed 3 times & resuspended in 


water. This stock spore suspension wa 
frigerator ready for use & was wii- 


au mi or spore suspension were taken in 250 
erlenroeyer flasks & kept in electric water bath. 


me xiasKs were placed in water at 20 degree C fk 
water was brought to 60 degree C. 1 ml of this 


suer lie glass distilled water at room temperature & 
from these further 10 folds dilutions were prepared for 
plating in triplicates. The dilutions used was that 
which could develop 20 - 25 colonies in control plates. 


concentration. 0.3 ml volumes of the above 


nutrient agar plates. These plates were than incubated 


Controls were also taken where no antibiotic 


added to nutrient 


performed in 


e were counted after two days incubation at 32 


The number 



incubat-.on were considered as the number of spores 

germinatedat 32 degree C. Results obtained are given in 
table XXX. 







wei'e also frequently found. Since some of these are 


involoved in pathogenic human diseases, these organism 


above four 


this section. This was done with a view to find out 


the antibiotic or fungicides which could act as 


inhibitors for the growth & development of these 


organisms. The results obtained are being given below 




CHAPTER-16 


RESULTS & CONCLUSION 

In section II A the author isolated micro- 
organisms, colonizing cotton at an interval of 15 day? 
for one year. During isolations the author found 
Aspergillus niger , Aspergillus flavus , Penicillium 
citrinum & Rhizopus nigricans to be roost frequently 
occuring & dominating species. These organisms were 
then observed for their ability to decompose cotton in 
Sec. II "B" . After confirming their ability to 
decompose cotton, these were then plated for their 
studies on competitive saprophytic colonization in Sec. 
II "C" . From these observations it was clear that these 
organisms have significant ability to decompos cotton 
& were also active colonizers. During the isolation 
f.4- 4- lenes. 


102 . 


EXPERIMENT A Preliminary screening of selected 

organisms against fungicides & antibiotics . 

The results obtctined in this experiment are 
being concluded for fungal organisms & Bacterial 
organisms separately. 

Test against fungal organisms 

Bioassay was done by agar diffusion 

technique. Fungal organisms selected from the previous 
section were Aspergillus niger , A. f lavus , Penici Ilium 
citrinum & Rhizopus nigricans . These organisms were 
preliroinrily screened against Brassicol , Thiram, 
Captan, Actidone, Bavistin, Aureof ungin. Streptomycin & 
Penicillin. Fungicides used were Captan, Bavistin, & 
Aureofungin, gave promising results while none of the 
antibiotic could inhibit the fungal organisms. This 
will be evident from the perusal of the table XX. This 
experiment was simply a preliminary screening & aimed 
to select the fungicides or antibiotic which actively 
inhibited the growth of above mentioned fungal 
organism . 

Results obtained in the table XX shows that 
Captan, Bavistin & Aureofungin gave promising activity 
thus these fungicides were selected for further 
screening in a separate test performed to test the 
fungicides in three different dilutions. Captan & 




■■ 




PRELIMINARY SENSTIVE TEST OF FUNGICIDES & ANTIBIOTIC AGAINST FUNGAL TEST ORGANISM 


FUNGICIDES - 0.5% CONCENTRATION 1 ANTIBIOTIC 25 ug/ml 
ACTIDONE : BAVISTIK ; BRASSICOL 1 CAPTAN 1 THIRAM I ADREOFUNGIN 1 PENICILLIN 1 STREPTOMYCIN 


ORGANISMS 


1 1 Aspergo. 1 lus 
i niger 


2 ; Aspergillus 
flavus 


3 SPeniciliium 
: citrinum 


4 'Rhiz.opus 
. nigricans 


NHIBITCRY ZONE GRADES 
= INHIBITION ABSENT 
= 6 mn> TO 8 mtn 

^ = 9inniT0 11min 
** = 12 mm TO 15 mm 
= 16 mm AND ABOVE 



TABLE - XXI 


of the selected fungicides in 
organism - 

{ Clear Inhibitory zone in 


Antifungal activity 
against fungal test 


Penicil lium 
citrinuni 


inhibition zone 



Bavis in were used in .020'v, .010%, .005% concentration 

while Aureofungin was used in 5 ugro/ml , 10 ugtn/ml & 15 

ugrn/mi concentration. The zone of inhibition as given 
in table XXI will show that Rhizopus nigricans gave 
inhibitoi'Y effect only against Aureofungin & the 
maximum inhibition of 14mm was observed when the 
fungicide was used in 15 ug/rol concentration. 

With reference to other organisms Captan gave 
the best result against rest, of 3 fungal test organism. 
Aspergillus f lavus was inhibited the most, followed by 
A. niq ei & Pen i ci Ilium cit Vii inuro , respectively. Among the 
said fungicides Captan was followed by Aurf ofungin & 
Bavis' in successively with reference to the three above 
mentioned fungal organism. 

Test against bacterial organism : - Flere the test 
organisms used were Staphylococcus aureus , 

Streptococcus pyoqens , Bacillus sp. , Proteus sp , 

Mycobacterium tuberculosis and antibiotics were used in 
25 ug/ml concentration. The test was performed by using 
paper disk method. The antibiotics used were, 

Aureofungin, Erythromycin, Kannamycin, Neomycin, 

Penicillin, Rifamycin, Streptomycin & Tetracyclin. The 
results obtained in the table XX 1 1 show that Proteus 
sp. was not inhibited by any of the above antibiotics . 
Aureofungin on the other nand was ineffective against 



Preliminary sensivity teat of antibiotic against bacterial test organism 
bv filter paper dick of 2 d ug ''ml concentration 

(Inhibitory zone in cm. J 


Name o f o r 9 a n i sm s 


Staphyiococ'us 

aureus 


Streptococcus 

pyogenes. 


( 1 1 

(3) ; 

(3) 

(4> : (5) ! : 

1 * i 

(7) 

( 8 ) 

Aureofungin : Erythromycin 

Kannamycin 

Neomycin ! Penicillin IRifamycin 1 

' ' ‘ 1 

streptomycin 

Tetracyclin 

0.00 

1.30 

1.60 

0.70 ; 2.60 1 1.90 ; 

■ * } ■ ( 

' , } » 

. i » » 

0.90 

1.80 

1 

0.00 

1.90 

; 1.00 

, it 

, I it 

' i : i 

0.60 ; 2.80 1.80 ; 

f * 

* 

1.10 

i 

*1 

1 , 

! 2.10 

1 

t 

1 

* 


Bacillus sp. 

0.00 

1 .30 

1.50 

; 0.40 : 

i 

, 1 

t ^ 

1 * 

2.70 

; 1.60 1 1.00 

1 '• 

1 * 

i * 

j 1 ■ 

i * 

1.40 

Proteus sp. 

0.00 

: 0.00 

; 0.00 

} 

* 

s ^ 

; 0.00 ; 

I 

0.00 

1 1 ' 

1, * 

1 ' » 

', 0.00 1 0.00 

, ,1 

0.00 

Mycobacterium 

: 0.00 

; 0.90 

• 0.70 

* ' ■» 

i ■ 1 ' 

1 » 

: 0.50 : 

f * 

. ' j 

0.50 

{■ < ■ 

»■ ' ' ,t ' ' ' 

‘ 1.80 ! 

0.60 


tuberculosis 
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Remaining seven 


tuberculosis Streptomyci 


Determination of minimum inhibitor 


EXPERi-lENT 


select id test organisms 


This experiment was also performed 

separately for fungal & bacterial organism, as such 
results are being given under separate headings. 


Since the results obtained from experiment 'A 


were considered for determination M.I.C 


gave promising results in the experiment A w€ire 


in this experiment against test organism 


A. f lavus. Penicillum citrinum 


tns. Bavist in & Captain were used in 


concentrations 



TABLE - XXIII 


MINIMUM INHIBITORY CONCENTRATION OF SELECTED FUNGICIDES AGAINST FUNGAL TEST ORGANISM 


FUNGICIDES & GROWTH GRADES 


i AUREOFUNGIN ! BAVISTIN ( 

: iug/ml) ; 

• ^ ^ ^ ' ! 

%) 1 


CAPTAN 


AUREOFUNGIN 
(ug/ml ) 

BAVISTIN 

(%) 

CAPTAN 

(%> 

? ' J ; 

'ORGANISMS 10 ; 5 ! 1 ; 0.020 10.010 

■ ' i : 

0.005 

0.020 

0.010 

0.005 




1 : Aspergil ius . - : i * + ■* ; - ‘ 

; nig€fir ; i ! ! 

I " i i i I 

•f + 

- 

- 

+ + 

10 

.010 

.010 

» ■ t < ■ j 1 

2 i Aspergill us - 1 1 - ; - i 

: flavus ' : ! ! 1 

‘ j ’ 1 : 

+ Hh 

- 

- 

■f + + 

10 

.010 ^ 

1 

1 

.010 

t ■ i 1 

3 : Penic 1 1 1 xuni - , *-* : - ; 

‘ citrinum ! 1 : 1 

{ : j } 

4- + 


- 

+ + 

10 1 

1 

.010 1 

1 

1 

.010 

i j t j 1 

4 IRhizopus ** : ! +--■*■ ' *.-*4 ! +-*■■*■ + 

Iniqricans ' ; i ; ; : 

+ 4- 4. 4- 

.^4.0. 

! ^ + + 

+ 4. + + 

10-15 

N i 

N 



fief rM'fni iif'fi i>v f'Mt'n n i utj t Jie growth of fungi in plat. os 
having f ung t <■ iiir*:; in (he ahfjvo dilutions, Tho Lowest 
concent r.P t on in ttie series of dihition used having no 
growth aftrg- 4ft hrs. was taken as M.I.C, of that 
fungicidf’s. 'liie results o. iained in the table XXflf & 
plate, 1, 2 f» t shows fhir Bavist in K Papl an had no 
growth at . {} Mt= conmgjf cat Ion f* cruioent ra t i r»n of 

Aspe rt'i 1 1 us niger, ^ £ l .t vus & Penicil 1 ium citrinun 
Sinc( the .0.10''^ was the lower concent rat ion hence 
considered as M.I.C. of eaidan & Bavistin ag.iinst the 
above rnentionod i fungal firganisins. Aureofitngin also 
completely inhibited the growth of these org.inism at 10 
ugrn/ml . Thus M.l.P. of Aureofungin will be 10 «g/ml 
concent rat ion Rhizopus nigricans was not inhibited by 
either Itavist in or captan, however a moderate growth 
was old a i nod when Aureof* -igin was used in 10 ugm/ml 
concent rat. i on thus it was a.ssumed that Its M.l.C. would 
be bet »'een 10 to 15 ugm/m' concentration. 


M.I.C.of antibiotic against bacterial test organisms:- 
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concer'l.ra t ion of antibioUjo which coinpietly inhibited 
the growth of test organism was considered as M.I.C. 
for that organism. 

Results obtained of this experiment as given 
the table XXIV "A" shows that Penicillin Sc Rifaraycin 
were M.I.C. at vary low dilutions against 
Staphylococcus aureus. Streptococcus pyogenes & 
Bacillus sp . these were followed by Tetracyclin, 
Erythromycin & Streptomycin respectively. 
Mycobacterium tuberculosis was inhibited completly by 
Rifamycin at .05 ugra/ml Sc Streptomycin at .5 ugm/ml 
concentration, thus these are M.I.C. of the said 
antibiotic. The results obtained are shown in the plate 
No. 4,5 & 6. Only few of these dilutions are shown in 
this plate for obvious reasons. 

Since Proteus sp. shown in plates could not 
be completly inhibited by any of these antibiotics in 
the above dilutions tested & Mycobactirum tuberculosis 
could not be inhibited by Penicillin & Erythromycin 
thus these antibiotics were tested again in higher 
concentration i.e. in 10, 15, 30, 45, 60, 70, 90, 100 
& 200 ugm/ml concentration. 

The result obtained as shown in a taboe XXIV 
"B" clearly establish the M.I.C. concentration of 
Rifamycin at 30 ugra/ml. Erythromycin at 90 ugm/ml 




XXIV A 


Experinental results obtained during 

against bacteri 


1. :Streptonyr,',..r 


aureus 


ptococcus 

pyogenes 


Proteu 


Mycobacterium 

tuberculosis 


2. IPenicillin 


Streptococcu 

pvogenes 


Proteus sp 


Mycobacterium 

tuberculosis 


3. ! Erythromyc 1 n Staphylococcus 
' ' ' aureus 


Mycobacterium 

tuberculosis 












TABLE - XXIV B 


concentration 
erium tubercu 


Experimental observations 
M.I.C. again 


Antibiotic 


Ervthromycin 


Rif amycin 


Mycobacterium 

tuberculosis 


Ervthromycin 





W^m 






TETRACYCLIN 
( ug/rcil ) 


ORGANISM 


Streptococcus 

pyogenes 


Baccillus sp 


Mycobacterium 

tuberculosis 


: ERYTHROMYCIN 1 
( ug/ml ) 1 

PENICILLIN 
{ ug/ml ) 

RIFAMYCIN 
( ug/ml ) 

STREPTOMYC 
( ug/ml 

0.60 1 

, 8 

0.02 

0.005 

0.90 

! 1 

0.05 i 

l 

1 

0.10 

0.05 

0.90 

■ 0.40 

0.02 

0.070 

0.60 

90.00 : 

200.00 

30.00 

100.00 

10.00 ; 

: 15.00 

0 . 05 

0.50 

1 
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concentration, Tetracyclin Streptomycin at 100 ugm/ral 
concentration, while Penicillin at 2t0 ugm/ml 
concentration against Proteus sp. . Exept Rifamycin the 
rest of the antibiotic inhibited Proteus sp. at a very 
high concentrations theretore it could be regarded as 
resistant to these antibiotics. Penicillin & 
Erythromycin gave M.I.C. at 15 ugm/ml & 10 ugm/ral 

concentration respectively against My cobat erium 
tuberculosis . M.I.C. obtained in these experiments with 
refrence to bacterial organisms are summarised in table 
XXV. 

EXPER '^MENT * C ' : - Effect of selected fungicides & 
antibiotics on the radial g rowth of the test organisms . 

As described in the above experiment, the 
results for fungi & bacteria wiJl be concluded here 
also separately for their studies on the radial growth 
of test organism. 

Bavistin & Captan were used in concentration 
of .02 0%, .010% St 005%, while Aureofungin was used 

15, 10 and 5 ugm/ml concentration. Fungal organisms, 
used Itere were same as above. The observations recorded 
as given in table XX7I confirm theprevious 
observations on sensitivity St antifungal activity of 
the fvngicides. Three fungicides Captan, Aureofungin St 



TABLE - XXVI 


on the radial growth of fungal test organism 


Fungicides/antibiotic radial growth in cm 


organi sm 


No . of 
day after 
inoculum 


Cont ro 


Aureof ungin 


005% 


020 % 


005% 


ISug/ml lOug/ml 5ug/ml 


Initial 


niger 


Aspergi 1 .1 us 
f lavus 


Initial 


Penici ! 1 iuni 
cit r i.num 


Initial 


Rhizopus 

nigricans 


0.7 

2.0 

4.5 

full 

full 


0.7 

2.0 

5.6 

full 

full 


0.7 
2.0 
5.2 
full 
ful 1 


0.7 

2.3 

5.3 
full 
full 


5.2 

full 

full 









growth r Again Rhizopus rn. 


grow 


& Bavistin however 


maxiitiutn inhibition was observed at 15 


conce itration . The growth ootained here was negligible 
as compared to that of control. The growth in 10 ugin/ml 


the rest of the organism the inhibitory effect was in 
the same pattern i.e. by Captan followed by Aureofungin 


& Penicilliuro citrinum , though slight growth was 


recorded at the lowest concentration used but was 


inhib.‘.ted at the two above concentration 


Streptomycin & Tetracyclin. While studying 


their effect on the radial growth and recording their 


data it was observed that even in the control 


Mycobacterium tuberculosis was very slow growing 


organism so that the prima-'y culture does not become 


macroscopical ly vi 


thus this 


incubation or as late as 6 


TABLE 


XXV 





Effect of antibiotics on radial growth 


Antibiotic in ug/ml concentration 


Control Erythromycin 




I 


bacterial test oranisms. 


& radial growth in cm. 
Rif aroycin 


Streptomycin 


Tetracyclin 


.05 

.025 

.005 

CM 

1.2 

.6 

.1 

.05 

.02 

.7 

.7 

.7 

.7 

.7 

.7 

.7 

.7 

.7 

.7 

.7 

.7 

.7 

.7 

.8 

.7 

.9 

.9 

.7 

.7 

.7 

.7 

.7 

1.2 

.7 

1.0 

1.1 

.7 

.7 

.7 

.7 

.7 

1.6 

.7 

1.1 

1.3 

.7 

.7 

.7 

.7 

.7 

.7 

.7 

.7 

.7 

.7 

.8 

.9 

.7 

.7 

.8 

.7 

.7 

.9 

.7 

1.0 

1.1 

.7 

.7 

1.0 

.7 

.7 

1.0 

.7 

1.1 

1.2 

.7 

.7 

1.0 

.7 

.7 

1.2 

.7 

.7 

.7 

.7 

.7 

.7 

.7 

.7 

.7 

.9 

1.0 

1.0 

.7 

.7 

.7 

.7 

.8 

.9 

2.0 

2.0 

2.2 

.7 

.7 

.8 

.7 

.9 

1.4 

2.2 

2.6 

2.7 

.7 

.7 

.8 

.7 

1.2 

1.6 

.7 

.7 

.7 

.7 

.7 

.7 

.7 

.7 

.7 

2.0 

2.1 

2.0 

1.6 

1.8 

1.7 

1.9 

1.8 

2.0 

3.7 

3.8 

3.9 

3.6 

3.8 

3.9 

3.6 

3.9 

4.0 

5.6 

5.7 

5.8 

5.7 

5.7 

5.8 

5.7 

5.8 

5.9 
















iiain 


ORGANISMS 


BAVISTIN 

. 020 % .010 


AUREOFDNGIN ugm/ml 


CAPTAN 

. 020 % . 010 % 


CONTROL 


Penicillium 

citrinum. 


No fungal growth 
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three different dilutions. Results obtained are given 
in the table XXVIII. The dilutions used for Bavistin & 
Gaptar was .030, .020, .010?. While for Aureofungin was 
10, 5 & 1 ugin/ml concentration. As recorded in the 

above table the mycelial mat in broth culture shows 
that the growth was very less as compared to that of 
control except in case of Rhizopus nigricans . Rhizopus 
nigricans gave least mycelial growth i.e. 25 mg. under 
the influence of 10 ugm/ml concentration of Aureofungin 
this was compared to 130 mg of control . The rest of the 
fungal organism behaved differently in different 
fungicides. Captan completly inhibited the growth all 
the three fungal organisms, in all the above three 
concet.t rations used. On B.-,vistin growth was recorded 
at .Cr.0% & .10% concentration, this growth is quite 

negligible as compared to that of control. In 

Aureofungin also growth were recorded at 1 ugm/ml & 5 
ugm/rol concentration. The growth was considerably 
decrease as the concentration was increased to 5 ugra/ral 


against Aspergillus 
citrinum but Rhizopus 


ir, ^ f lavus & Penicillium 
leans was almost uneffected. 


Its dry weight was 116 mg as compared to 130 mg of the 
control. When the concentration of this fungicide was 
increased to 10 ugm/ml co'Ktentration the growth was 
completely inhibited of niger , A. £ lavus and P_^ 


citrinum , Rhizopu 


tiqricans developed 25 mg dry weight 
ired to 130 mg in control. From the 






•ir 


over cvll study it can be concluded that Captan 
completly inhibited the growth of the three organism 
fliggy » — flavus & citrinum in all the 

concerft 1 ations used. Aureof ungin and Bavistin completly 
inhibited the growth of above three organism when used 
in concetration of 10 ugm/inl and .030% respectively. 
These two fungicides showed growth in the t',wo lower 
concentration used but the two in above concentrations 
considerably reduced the growth. The growth obtained in 
Bavistin was negligible as compared to that of control. 
Rhizopus nigricans were uneffective except in 10 ugm/ml 
concentration of Aureofungin . 

EXPERIMENT * E ' : - Effect of selected fungicides and 
antibiotics on spore germination of test organisms . 

During studies on the effect of fungicides 
and antibiotics on spore germination of test micro- 
organism the dilution used were the same as used in the 
experiment of radial growth. Experimental results 
obtained are being concluded below separately for 
fungal & bacterial organisms. 

Influence of fungicides on spore germination of fungal 
organisms 

Captan, Bavistin & Aureofungin were subjected 
to their study on spore germination under the 



fungal organisms Captan & Bavistir 


,010s, & .020 o concentrativ.n while Aureof ungin was used 
in 1, 5,10 and 15 ugm/ml. The results as recorded in 


the table XXIX shows that Captan & Aureofungin gave 
better results as compared to Bavistin again. Rhizopus 


niqrica n again showed an inhibito 


ry effect completely 
different from other three fungal organisms. In the 


earlier experiments it was though observed that the 
radial mycelial growth was almost uneffected by these 
fungicides but in this experrment inhibitory effect was 


noted against all fungicides on spore geremination 


as compare 


after 12 hrs. in that of control with in the same 


and 50% spore germination at 


concentration respectively. This was 100 


in Bavistin in both these concentrations. In presence 


of all fungicides as the concentrations was increased 


Penicil Hum citrinum no spore germination was recorded 


concentration of either Captan or Bavistin and 


10 & 15 ugm/ml concentration of Aureofungin. At 


concentration 


germination 


Bavistin A. flavus manage to germinate a very 


interval. This number is 


table 


XXIX 



Control 


Avreofungin (ug/ml) 


SdOO) 

90 

100 


S(70) N 
65 3(5) 

70 3(15) 


8(75) N N 

70 3(10) N 

75 3(5) 3(5) 


S(70) 3(75) 3(5) N 

68 60 S (7 ) ) N 

100 68 3(10) 3(2) 


S(IOO) 


S(88) 3(8) 

68 5 

82 7 


S(90) N 

70 N 

85 3(5) 


S(70) 3 {40) 

66 36 

100 72 


S(5) 


S(IO) N 


Penicilliurn 

citrinum 


N 

S(IOO) 

100 


S(80) 3(60) 


S ( 75 ) 3(5) N 

65 3(10) N 


S(IOO) 3(90) N 
100 88 3 ( 5 ) 


SdOO) 

100 

100 


S(IOO) 3(80) 3(70) 

100 70 68 

100 100 100 


S(50) 3(30) 3(35) 
48 3(40) 3(32) 

60 50 40 


S(IOO) 3(100) 3(70) 3(40) 
100 98 70 30 

100 100 90 34 


Swol len 


IS 





gligibie as compared to 100 


P- citrinum at this 


concentration and 


interwal showed i0% swelling of spore, however after 24 


spore manage to germinate 


again very less as compared to 100 


concentration in both 


organisms 


concentration 


concentration the 


used ;n 1 ugm/ml . Aureofunqin was most active against 


P . cit .'. inum followed by ^ flavus & A 


citrinum was slow in spore germination 


even in control experiment germination took place only 


Influence of antibiotics on 


ermination 


This experiment was conducted on the same 


antioiotic & dilution as used 


during the experiment of radial growth method followed 


al. 1971. In this number of 


colonies develop aftei* incubation were consiodered as 


the number of spore germinated. The results given the 




V-fj® ‘r 


TETRACYCLIN 


(Results are g 

ORGAN! S.MS • CONTROL 

» 

I 

Streptococus ; 13 

pyogenes. : 


Staphylococcus 
aureus . 


Lffectotantil!)ioi"'ir'c;(.*.y.c...^w 

on spore germination of test bacteria. 

Concentration of antibiotics in nom'mi r u 

an ugn.,ml s numbers of colonies develop (average) 

are given in average number obtained Dernlist-a s- 

^ i-plate / o germination in relation to control) 


erythromycin 
• s .2 .05 


Bacillus sp. 


Proteus sp. 


! penicillin 

.05 .025 .012 

.05 

rifamycin 

•025 .005 

1 STREPTOMYCIN ! 

*' 2.4 1.2 .6 ! 

t 

12 

16 

17 

N 

15 

16 

; N 

N 

-rr 

5.5% 

88 . 8 % 

94% 

0 % 

83% 

88 . 8 % 

0 % 

0 % 

50% : 

N 

N 

8 

N 

N 

K ; 

N 

N 

1 

1 

18 ! 

0 % 

0% 36.3% 

0 % 

0 % 

0 % ! 

} 

1 

0 % 

0 % 

81.8%! 

I 

N 

N 

14 ; 

7 

18 

i 

) 

23 1 

N 

N 

) 

t 

i 

1 : 

0 % 

0% 58 

.4% : 

29.1% 

75% 95.5% ! 

0 % 

0 % 

41% ! 


Abundent 

Spore 


Abundent 

Spore 


Germination! Germination 


' Abundent I Abundant 
I Spore I Spore 

Germination I Germination 


' Abundent 
' Spore 

I Germination 


.1 ,05 .025 

N N 16 

0 % 0 % 88 . 8 % 


N 8 21 

0 % 36.3% 95.4% 

N 12 22 

0% 50% 91.6% 


Abundent 

Spore 

Germination 


N = No colony developed 



table XXX confirm the previous observations on the 


inhibitory effect of the bacterial 


Mycobacterium tuberculosis was not considered 


number of spore germinated. Against Streptococcus 


Erythromycin 


Penicillin 


Rifamycin & 


ion gave 


almost the same result. Only one colony developed in 
each Erythromycin & Penicilin & no colony developed in 


Rifamycii & 


same in dilution of .025 ugm/ml concentration. In 


higher concentration i.e. 1-2 ugm/ml concentration 


Rifamycin completly inhibited the spore germination at 


0.025 ugm/ml concentration while in Tetracycline & 


6 ugm/ml concentration 


Erythromycin at 


respectively. In Streptomycin complete inhibition was 


Against Bacillus sp. , spore germination was not 


concentration 


Erythromycin, Rifamycin and Tetracyclin. Streptomycin 


developed only one colony at 0.6 ugm/ml concentration 


ugm/ml concentration. Erythromycin resulted complete 
inhib: i ion at .6 ugm/ml concentration & Tetracyclin at 






CHAPTER -17 


SUMMARY AND DISCUSSION 


experiments conducted in section II 


llJdis niger , A. flavus , Pencillium cibrinuin and 


nigricans were found to be of 


occurrence, had good cotton decompositing ability and 


also significant competitive saprophytic 


colonizers. Apart from plant diseases and decomposition 


are well known for 


diseases and coropl ications in men & animals. A 


is one of the frequent agent of otomycosis and 


fungus ball 


common 


defence. It is also responsible in causing pulmonary 


disease of captive and wild birds 


produceed by some strains of this species have direct 


toxicity & long term carcinogenic effect on animal 


of Penicillium are well known 


eczema to id 


enicillosis and contamination 


sputum etc 


Rhizcp us often get involved in Mucormycosis 
Emmoas et. al., ( 1977 ) ; Diener e t ._ aJU_, 


(1976) has 


proved the toxigenicity of Aspe rg i 1 1 us r ^ 4, ,4 ^ 
Fusarium and Alternaria sp. on rats and chicke embryos. 
Some stains of Aspergillus f lavus has been found to be 
toxic (Rati & Ramalingam (1979); Rashmi Tewary (1991) 




Rhizopus niqricanB and Penicillium 


citrinum . Diener 


continueing research on toxic rnetabolites to overcome 


hazards to human health that would result from such 


organisms 


During the isolation studies Bacillus 


Staphylococcus aureus 


rium tuberculosis 


found, some of these are not inhabitant of 


cotton but might have come directly through droplet 


St conversation or 


nuclei cause 


some 


pathogenic diseases of men Sc animal 


with the above four fungal organisms were 


Tnough fungicides have played a significant role in 
agricultural economy of India, particularly in ensuring 
the health of plantation and commercial crops but so 
far nr> wnrk of anv siunificance has been undertsken foi 


their use in preservation of textile raw material 
cotton and prevention of organisms involved 


allergies and pathogenesis. Thus well known fungicides 
and antibioti'cs were explosed in this section for theii 




on the growth and development of 


experiment performed and result 


summerised and 


discu£:?ed below experiment-wise 


EXPERIMENT 


organisms against fungicides & antibiotics 


The study was conducted following the principle of 


agar diffusion technique and observation was made for 


the development of inhibition zone by succeptable 


Penicillium citrinum 


screened against Actidone, Bavistin, -Brassicol, Captan 


Aureofungin, Streptomycin and Penicillin 


concentration and 


concentration 


were found to give most promising results and thus were 


observed from the table XX 


In the next experiment Captan & Bavistin were used 


concentrations 


Aureofungin was used in 5 uqrn/ml 


The results of this experiment are 


concent rations 


the in table XXI 




observed that Rhizopua 


could be- inhibited by only Aureofun^in 
and that to in 15 ug/ml concentration. The inhibitory 
cffsct of these fungicides on rest of the three fungus 


inhibitory effect followed by Aureof ungin & Bavistin 
successively with refrence to rest of three fungal 


sp. and Mycobacterium tuberculosis were preliminarily 


concentrations. The antibiotic used were 


Erythromycin 


Kannamycin 


Neomycin 


Streptomycin and Tetracyclin. The results 


obtained are given in table XXII 


Persual of the above table shows that Proteus 


remained uninhibited by any of the above antibiotics 


Similarly Aureofungin was ineffective to all the 


organisms 


antibiotic gave positive results for their inhibitory 


ogenes and Bacillus sp. While Streptomycin was most 


M . tuberculosis 


EXPERIMENT _B : pet.ermination of M. I . C . of fungicides 
and ^U bigtics against the selected test organisms . 

This experiment was performed in order to get the 
lowest concentration which could completly inhibit the 
above microorganisms. The test was performed 
separately for fungal & bacterial organisms & thus are 
being discussed below accordingly. 


M. I .C of fungicides against fungal test organisms 




121 . 





Therefore M.I.C. for Aureofungin is considered to 


gainst Rizopus nigricans 


This is quite similar to 10 ugm/ml as reported by 


Thakre & Johri (1973). Against the rest of the fungus 


M.I.C. was recorded at 


however was 


found to be 0.010 


against Asperq illus 


and Penicillium citrinum. These results are further 


further confirmed the obsex vat ions made in the previous 


In the previous experiment the greater 


concentration, greater was inhibitory zone. The growth 


recorded in the previous experiment was due to the fact 


he inoculum of test organism was made on plain 


that 


PDA and after 24hr the firagicides were poured in the 


rowth. In this 


experiment growth was significantly inhibited because 
the organisms were incubated on agai" medium under 
influence of fungicides which were mixed while pouring. 


from the begining the growth was 



:pk 


experiment was 


method 


uy rereczar (1977 ). Increasing 
dilution series of antibiotic were prepared in peptone 
broth. A series of each antibiotic constituted fifteen 


Streptomycin 


Erythromycin 


Rifarr.ycin are recorded in table XXIV A and in 


dilutions are shown for obvious reasons. In the above 


experiment Proteus Sp. was not at all inhibited by any 


of the above dilutions of the antibiotic tested 


Mycobacterium tuberculosis in the above dilution was 


Penicillin and Erythromycin 


tested were as follows against Erythromycin .6 


against Rafaroycin ,005,. 05 and .070 ugm/ml, atainst 


Tetracyclin .01, .05 & .1 ugm/ml respectively. Against 
staphylococcus aureus Rifamycin was most active with an 
M.I.C. .005 ugm/ml followed by Penicillin .02 ugm/ml 
Tetracyclin .1 ugm/ml. Erythromycin .6 ugm/ml. Against 





Streptococcus Pyogenes Rifaraycin, Erythromycin and 


05 ugm/ml was followed by 


Penif:.-. 1 1 in .1 ugm/ml & Streptomycin .9 ugm/ml 


was most active with M.I.C. of 


02 followed 


by Rifamycin .07, Tetracyclin 


Erythromycin .4 & Streptomycin .6 ugm/ml. Against 


Mycobacterium tuberclosis Rifamycin was more active 


with M.I.C. .05 ugm/ml followed by Streptomycin .5 


Erythromycin and Penicillin however could not 


Mycobacterium tuberculosis 


concentrations. For Proteus sp. and Mycobacterium 


tuberculosis raised concentration of those antibiotics 


this test was in the rang 


oncent ration 


obtained are given in table XXIV-B. In these results it 


was found that for Proteu s sp. M.I.C. of Erythromycin 


was 90 ugm/ml of Pe^nicillin 200 ugm/ml 
ugm/ml. Streptomycin 100 ugm/ml & 


ugm/ml. Since these concentrations are very high and 
could not be used because of their toxicity in blood at 
these concentrations, therefore these antibiotics are 
considered to be uneffected and Prot^ be is thus 
reaardei as resistant towards them except in Rifamycin 


found to be 30 ugm/ml 


obtained in above experiments for 


concent ration 





iotics tested with reference to the bacterial 


organisms are summaried in table 


These observation of the author are similar to the 


observation made by Johnb W.Corcorn and Fred (1969) 


tuberculosis 


Penicillin and Erythromycin were found to be 15 and 10 


EXPERIMENT C 


antibiotics on radial growth of test organisms 


concentrations while Aureofungin 


concentrations. The observations 


are recorded in table XXVI. Results observed in this 


experiment confirm the observations of the previous 


Aureofungin was found to be moderatly inhibitory at 10 


thus here it was used at a raised concentration of 15 


this concentration could be regarded as an M.I.C. Again 


found to be most effective followed by 


flavus & Penicil lium citrinuro 





same as 


in previous experiment 'B'. Data 


for Mycobacterium tuberculosis could not be recorded 


ven in the control it was observed that it is 


become macrosocopical ly vis 


as late as 6 t;o (j weeks of incubation. Rest of 


previi:)us experiment 'B 


observations made during the experiment for M.I.C. The 


in table XXVII. These results 


confirmed the observations of the previous experiment 


the growth of organism except Proteus sp. which grew 


also not much 


this experiment. Slight inhibitory effect was however 


recomended in 


vious e 


nera.1 trend observed in this experiment 


shows that there is a gradual inhibitory effect on 


growth of the organism 



lower concentrations a reverse trend was observed with 


an increase in incubation period from 0 hr. to 72 hrs 


EXPERIMENT ' D 


In this experiment only fungal organisms 


were taken since bacteria do not produce mycelial 


growth and the dry weight of vegetative cell was 


population is considered in next experiment for spore 


concentration used 


and for Aureof ungin was 10 


& 1 ugm/ml respectively. The object of this experiment 


in broth culture on 


the mycelial growth of organism. Since on radial growth 
mycelium could be observed only superficially but here 
its actual dry weight can be compared with that of 


control. The results of this experiment are given in 


table - XXVIII 


Which was found to be uneffeoted by these 


fungicides in the previous cixperiment showed a sli^^'^h 







inhibitory effect by produciny mycelial weight, 
slightly less than that of control both in Bavistin & 


produced mycelial 


concentration. This is quite significantly reduced 
from 130 mg dry weight acheived the control. The growth 


A. f lavus & Penicillium citrinum 


concentraion & 


Aureof ungin at 10 ugm/ml concentration. The inoculum 


disc might be instrumental in producing a slight growth 


that was obtained during experiment on Bavistin af 


M.I.C. In general when compared to the control all the 


fungicides tested showed inhibitory effect & with the 


progressive increase in the concentration again 


growth gradually decreased 


EXPERIMENT ^ 


ermination 


Spore germination 


Penicillium citrinum & Rhizopus nigricans were 


f lavu 


desired dilution microscopica 


intervals. Bavistin Captan were used in 


was taken 


concentration 


concentration 


recorded in table XXIX. 



Pnicillium cittinum 


showed slow 


control experiment 


germination & even in the 
germination took place after 24 hrs. Out of these 4 


fungal organism usually Rhizopus nigricans appeared to 
be compared to be resistant to the action of fungicides 


at these concentration. This observation is similar to 


that of Thakre and Johri (1973 - 1974) 


The results obtained in this experiment shows 


that all organisms exhibit different degree of 
inhibitory effect under the influence of different 
concentration. In general it was observed that as the 
incubation period was increased gradually the rate of 
germination decreased. It was also observed that the 
swelling of spores and their germinratrion are twc 
distinct phases of a common but complete phenomenon. 


to the action 


The former is 


fun< 3 icid 0 s t.ha.n th 0 • Th3-S 
similar to that of Thakre & Johr 
which appeared to be relatively 




Rhizopus nigricans , 


myelial growth 
inhibitorry effect on spore germination 
interval it reduced the percentage germi 


c o n c e n t r a t i on 


This was quite significantly reduced 
that of control & Bavistin, where 


compare 


129 . 



observed. Aureof ungin at hte same 


inhibitation at 10 & 


concentration 


ugm/ir 1 

other 1 fungal organisms, results obtained were almost 


Captan produced the best 


*'he similar trend 


inhibitory effect followed by Aureofungin & Bavistin 


The activity of Captan & Aureofungin against Rhizopus 
was found to be almost similar to those observed by 


(1974). Patel & Rao (1972) found similar 


shridhar 


with Captan & Aureofungin against Alternaria 


Thirumalachar 


(1969) 


Rahanlkar & Neergaard 


ished the superiorty of these 
nst several other phytopathogenic 


over 


inst Alternaria citri 


contr'jl wi 


author observed that Aureofungin r 


germination of spores and the swelling oi spore 
the lowest concentration i.e. lugm/ml . This observation 
is also similar to that of Cheema S< Jeyarajan (1971). 
The differential action of fungicides on the swelling 

phase Sc spore germination as observed by author was 
. . Aderson Sc Smith 

also 


observed by Fletcher (1969) 
(1971) Sc Gottlieb Sc Tripathi (1968) 


of antibiotic on spore germination of 
sms were studied , fol lowing method of 
MQ71) K, data are recorded in table XX 


Queshei et 



experirrent on rarlial growth. Except Proteus sp. rest of 


s ince 


concentration 


suitable as concentration below this level 


will not produce toxicity in the blood of human beings 


the author 


concentrations similar 


al. , (1969) 


observations were recorded by Korzybski ^ 
where they observed the M.I.C. of streptomycin to be as 


spore germination was found , against concentration, 
Rifarocycin at 0.05 ugm/ml, Streptomycin at 1.2 ugm/ml 
5c Tetracyclin at .05 ugm/ml concentration, while 
against. Penicillin Sc Erythromycin only a single colony 
developed at .05 ugm/ml concentration. Against 
04 nn colonv developed at 0.6 ugm/ml 


Erythromycin 


concentration 


concentration 


concentration 


/ml concentration of Streptomycin 


concentration o 


Against Bacillus sPv no spore germination was 
found at 0.6 ugm/ml concentration of Erythromycin. 
0.025 ugm/ml of Penicillin 5 . 0.1 ugm/ml concentration 
of Tetracyclin while against streptomycin only single 
colony developed at .6 ugm/ml concentration. Rifamycin 



in the concentr^ltion tested could not 


though 


reduction at 


bought 


concentration. Here on 7 spores germinated as compare to 


given 


also suggested that Erythromycin (< Tetracyclin are not 


Proteus. These observations 


(1976) 


Mahendranath et . al 


& Fred (1969). Erythromycin 


towards Streptococcus 


cereus & Mycobacterium tuberculosis , has been given 


almost similar to the observation 




— 





CHAPTER - 18 


INTRODUCTION 


produced by a living cell which function 


function in catalysing a single type of transformation 


in metabolism 


enzyme are r 


that 


of even a unicellular organism. Enzymes are 


concerned with reactions out 


due to which the decomposition 


The range of substance 


upon 


and their potential to decompose a substrate 
upon its enzymatic capabilities. Brown 
investigated some active enzymes from fungal mycelia. 
Several groups of fungi have been reported for the 
production of various enzymes in connection with 
organic matter decomposition by Bateman (1969 ) , Chapman 

and smith (1967); Sindu ^ 


(1915) 


Coults 


Muthal and Saksena 


nd Dube ( 1983 ) 


Goel & Mehrotra 


Norkans and Fuller 


Bhatia and Chohan 




composers in 


are involved in deterioration 


cellulolytic materials. Aspergilli, amongst decomposers 
is a very prominent group in decomposing various kind 
of orqanic matters such as leaf litter, clothing. 


glucose but increasing c 


substrate palatable to soil funna and other i 
organisms. Some spices are specially equipped in 


Cellulose form the most prominent part of plant 
ns, particularly the man-made litter such as 
le and paper products. Cellulose is chemically 


both in primary 


found in the form o 


chains & then in to larger structures one u... - 
The nicrofibrxls remains embedded rn an amorphous 
matrix o£ gel, consisting of protiens, natural sugars, 

the hemicellulose togather with other uronioally rich 

polysaccharides, pectin etc. In this form the cellulose 
is insoluble. Cellulose and the related substances 
tinderoo hvdrolvsis on enzyme action. The group 





involved are the "celluloses 


thus very important in nature for the degradation of 


substances particularly dominated with cellulose. More 


than one component of cellulose system is involved in 


the degradation of cellulose (Reese et . al . , ( 1957 ) 


(1965); Mendel 


(1967); Lusis & Backer (1973) 


(1977) 


Batman 


number of fungi have been reported to be 


Gascoigne & Gascoigne 


(1949) 


( 1965 ); Mendels & 


Yamane 


Erikson & Rzedowsski (1969) 


Oso 


(1964) 


Agarwal (1969); C.L. Fergus 
Crawford &crawford (1976). These fungi produce 
cellulose when grown on substrates having cellulose. 
Blum (1952) studied the enzymatic degradation of 
cellulose fibres Norkans (1950.b) investigated that 
Trichoderma fumosum in contact with cellulose produces 
of>nularlv in culture on comparing 


amended with 


the fungal population 


Jensen (1931) found enchanced related 
Van Iterson (1904) used soaked filter 
1 salt-.s. Tribe (1957) buried strips of 
r struck to cover slips, Webley & Duff 

.ellets of Kaolinite incorporating the 



Whatman' R 


hromatographic cellulose paper in soil amendment to 
ibserve the cellulolytic fungi. The biodegradation of 


llulose has also been reviewed by some other workers. 


Norkans 


& Ramby (1956); Fergus (1969) 


Wood and Macrae 


Physical and cultural conditions influence ® 
cellulose production (Norkans 1963). Youatt (1958) 
reported that high rate of shaking (120 C/min) had a 

deletirlous effect on the cellulose concentrations 
obtained from sachybotrys atra^ Cellulose production by 
. — infoctino ascomvcetes Rhizina inf lata has b 


in stationary c 


vessels (Norkans 


bubble 


Hammarstrom 


which can 


1964) 



n considered to 


enzyme. TheTe are several 


views as lai as tne action and nature of celluloses 
concerned. Previously it was believed that a si 


enzyme degrads insoluble cel 


ucose. Kooiman 


(1957) and Simson et . al.,(1958) 


that 


other produce glucose from it. The current concept 
summarised by Oso (1978) revealed that degradation of 
native cellulose involves two types of enzyme complex 


become 


4 glucosidic bonded in the cellulose molecule does not 


pectic substances are also found in plant remains and 


degradation has a prominent role 


biodegradation 


The biodegradation of pectic enzyme 


reviewed by author like wood (1960), (1955); wang ^ 


Demian and Phaff 


Batemen a 


(1957). Pectic substances are complex polysaccharides 


composed of galacturonic acid units, bound to one 
another in long chain. The carboxyl of the galacturonic 



137 . 



id building block may be partially or completely 


various cations 


the middle lamellar structure in the plant tissue 


ubstances is incorporated with in the matrix 


polymers. 

Tne enzymes are produced by many saprophytic 
micro-organism, which disintegrate plant tissue and by 
many plant pathogenic microbes which use pectic enzyme 
as a " spreading factor.” Large number of fungi have 
r-^r.orted to produce pectic enzymes, Ayer 


Honcock et 


( 1975 ) 


Bateman ( 1966 ); Kannaiyan 
easily recognized chemical changes brought 


about 


bonds 


These changes are ca 


(pectase) and polygalacturonase respectivei:i 
occurence of wide range of pectic substances in 
involve a complex of pectolytlc enzyme-pectic 
esre.ase (PME), Pectin methyl galacturanoese 


nature 


methyl 


and transelirainase or 
■e of the substrate under 


Polygalacturonase 


depending upon 



■H 


both 


sueh as 


their study is of utmost importance while studi 


microbial dynamisms of cotton fibres 


But main attention has been given by the auther 


towords cellulolytic enzymes. As the fibres contain 


about 94 


of dcminant fungal population during the earlier 


done in broth culture having cotton as a sole carbon 


source 


the test fungal species can bring successful 


ion of cotton fiber and to find out the 


process 


(1964) 


Goel Sc Mehrotra 


Gaur 


Ramaraj Sc Vidyasekaran ( 1986 ) ,Kannaiyan 


et. al,. (1988); Mehta (1979); Mehta and Mehta (1988) 


have studied the effect of fungicides/antibiotic on 
enzyme activity of various fungi- They have reported 
the fungicides inhibit the production and activity of 
enzyme- But most of these work were conducted on the 





author conducted these stiidies not in relation to the 


capabilities of the organisras which were so intimately 


associated with cotton fibres Bacterial 


during isolation studies & used in the 


section because most of them were not true 


back ground of the effect of fungicides in their M.I.C 




CHAPTER - 19 


EXPERIMENTAL 


broth mediums. Both cellulolytic and pectolytic enzymes 


standard Fenske- Ostwald Viscometric 


edure. Fungal organisms were grown on 


cultures media having cotton as the sole carbon source 


done from culture filtrate 


obtained after desired period of growth in 100 ml 


35ml of the sterilized medium 


Inoculations were done in each case with a 7mm agar 


cut from the margin 


grown c 


were taken for each culture, pH was 


Culture filtrates were 


controls were run si 


Buchner" s 


under suction in 


funnel. The cell free culture 


20 minutes. The surper 


was than taken as enzyme 


purpose 


enzyme preperation obtained was 
.resence & activity of cellulase 


viscomet rical ly 


reaction 


1966, Agarwa 






alculated according to following formula 


Efflux time at O' hr 


Efflux time of reaction mixture at time t 


enzyme 


calculated as follows 


resents the time in minutes to bring 


about 


loss in viscosity were plotted against 
from these curves time taken to bring 


reaction time 


the time taken to 


obtain 50 


conducted in two parts 


Studies on cellulolytic enzyroes 
Cellulolytic enzyme production were conducted 


PART 1 





manners 


( 1 ) Effect of media & age of culture on production of 


ion 


roduction 


enzyme preparation was obtained according to procedure 


(Cole 1956) were used having the following composition 


Basal medium (Hogland et . al . 1959) 



asparagine median (Cole 1956) 


In both the mediuir. glucose was re 


cotton fibre as a sole carbon source 


for extraction 


roduction 


of fungicides o£ 


medium was us 


filtrate of this medium in the c 

. Bavistin, Captan and Aureofungin were 

• 4_ were selected f lom 

experiment as these were 


cone 


added to 


culture 


autoc 1 aving 


extrai'tion 


145 . 



as described above 


PART II 


Pectolytic enzymes studieds were pectin 


methy i ga J acturonase (PMG) and Pectin methyl 


transe] iminase (PMTE). For both the experiments, age of 


culture filtrates 


and effect of fungicides 


cu 1 tu 


were raised on glucose asparagin medium. Analysis for 


under the influence of age 


of culture and fungicides were done according to 


procedure described above. The same 
used in the same above concentrations 





CHAPTER - 20 


RESULTS AND CONCLUSIONS 


A. flavus, Peuici Ilium citrinum and 


The cellulolytic and Pectolytic 


uction of these organisms were 


different incubation periods i.e 


riroents 


STUDIES ON CELLULOLYTIC ENZYMES 


PART I 


EXPERIM ENT ' I 


oduction 


citrinum 


ded that 


oduction 


medium favoure 


al medium for a 


fungal organisms 


flavus 


followed by A 


maximum 


i Ticubati on 


citrinum 


incubation pen 




TABLE - XXXI 


Cellulase activity of selected fungi in glucose aspragin medium at different 
incubation period 





table - XXXII 


Cellulase activity of selected fungi in basal medium 


(i) Percentage loss in viscosity at time "f 

(ii) Relative enzyme unit 


S.No . 1 Organisms 

1 

} 

' ■ ' 'I 

f, " 

1 

■ . l , ■ 

6 Days 

1 12 Days 


18 Days 1 



% Loss 

in viscosity 

" ■ 

REA 


% Loss 

in viscosity ’ 

REA 


% Loss 

in viscosity 1 

REA 

5 

15 

30 60 

90 


5 

15 

30 

60 

90 ' 


5 

15 

30 

60 

90 


i 

i 

1, lAspergil lus 

22.77 

35.4 

35.9 36.8 

58.2 

15.3 

15.8 

30.5 

40.4 

46.8 50.25 

11.1 

8 

24.8 

30.6 

36.2 

39.4 

8.7 

1 miger 

t 

j 

1 


















2. [Aspergillus 

14,8 

15.7 

14.7 30.6 

38.3 

8.5 

6.87 

15.78 

18.66 

26.54 30.55 

6.7 

5.1 

12.1 

15.6 

20.4 

25.2 

5.6 

iflavus 

l 

1 , 

{ 

' l ■ 






1 












» 

1 

3. iPenicillum 

4.49 

9.89 

15.61 25.99 

27.11 

6.02 

12 

16 

19 

21 

28 

6.25 

8 

17 

21 

23 

31 ‘ 

6.8 

1 citrinum 

i 

l 






1 

1 

[ 

[ 












* ' 

' !:■" ■ ',v' 

4. IRhizopus 

15 

26 

30 36 

1 

42 ' 

9.3 

1 

1 

! 11 

21 

28 

33 

37 

8.2 

8 

11 

19 

26 

27 

6 

1 nigricans 




















CELLULA 
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^ 6 DAYo^ 3 
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CFIGURE 17 rA' 



IWCUB AT rON 


ASPARAGIN KCDIUM 


peridb 



CELLULE IE ACTIVITY DF SELECTED FmCI IH GLUCOSE ASPARAGIN MEDIUM 


AT DIFFERENT INCUBATION PERIOD 


A$FERGrtUJ§ NIGER 


ASPERGILLUS PLAVUS 
PEHICIILUM CITRIMUM 


irHirori'S widricah; 


CFIGURE 17 'Cl 








CELLUL.ASE ACTIVITY OF SELECTED FUNGI IN BASAL MEDIUM 


ASPERGILLUS NIGER 


ASPERGILLUS FLAVU: 


FENICILLUM OITRIHUM 


RHIZDFUS NIGRICANS 


CFIGURE- 1 





CELLULASE ACTIVITY DF SELECTED FUNGI IN BASAL MEDIUM 


A2FER.GILLUS NIGER 


ASPERGILLUS TLAVU: 


PEHICILLUM CITRINUM 


RHIEDFUS NIGRrau: 


(FIGURE-i8 TO 







for P. citrinum the 


increased with increase in incubation 


The enhancemen..: in the e 


medium when 


the incubation was raised from 6 to 


datas given in table XXXI and XXXII and Fig. 17 A. B 


EXPERIMENT 'II 


EFFECT OF FUNGISIDES ON PRODUCTION OF 


CELLULASf: 


ENZYME BY SELECTED TEST ORGANISMS 


A. flavus and P. citrinum. Bavistin on the 


other hand was comparatively least toxic because some 






TABLE - XXXIII 

Effect of fungicides on cellulase production of fungal test organism 





I— ■ 


10 ugm/ml 


Aureo- 

-fungin 


Aureo- 110 ugm/ml 
-fungin 1 


Penicillum 

citrinum 


Aureo- 110 ugm/ml 
-fungin 1 


010 % 111 19 21 


10 ugm/ml 10 1 


Aureo- 
-f ungin 


> Complete inhhon 


6 Days 

1 12 Days 

18 Days 

% Loss in viscosity 

REA 1 % Loss in viscosity 

REA 1 % Loss in viscosity 

5 15 30 60 90 

1 5 15 30 60 90 

1 5 15 30 60 90 

0 0 2 3 5 1 

1 

1.11 0 0 35 7 

1 

1 

1 

\ 

t 

1 

1 

1 

1.51 0 0 1 24 

1 

1 

» ' 

1 

i 

1 ‘ 
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mycelial growth of these- three test organism were 
obtained and this resulted in developing some enzymatic 
activity. However this activity was quite insignificant 
as compared to the activity obtained on the medium 
without fungicides as shown in the table XXXI and 
XXXII. On Rhizopus nigricans maximum reduction of 
cellulase production was caused by Aureofungin followed 
by Captan. Bavistin however did not supressed the 
cellulase production of this fungus in the 

concentration used. The fungi toxic effect of 

Aureofungin was also found on the vegetative growth of 
R . nigricans . In general all the three fungicides 

tested showed considerable reduction in cellulose 

activity on all the organisms tested except for 
Bavistin in 1^ nigricans . The inhibitory effect of the 
fungicides were more pronounced in cultures of 6 days 
incubation period. As the incubation period increased 
their enzymatic activity increased. 

PART 2 STUDIES ON PECTOLYTIC ENZYMES : - 

EXPERIMENT '!* - EFFECT OF AGE OF CULTURE ON PECTOLYTIC 
ENZYME ACTIVITY . 

Data recorded in table XXXIV and XXXV and 
Fig. 19 A.B.C. St 20 A.B.C. shows that the test fungus 

produced PMG and PMTE on broth culture in glucose 

asparagin medium with cotton as a sole carbon source. 


TABLE - XXXIV 


PMG (Pectin methyl galacturonase ) activity of test organism at different 
incubation period 


S.No. 

Organisms 

6 Days 


12 Days 


18 Days 1 

l 





% Loss 

in viscosity 

' ' " 

REA 


% Loss 

in viscosity 


REA 


% Loss 

in viscosity 

t 

REA 



5 

15 

30 60 90 


5 

15 

30 60 

90 


5 

15 

30 60 

90 


1. 

Aspergillus 

niger 

20 

25 

31.2 37.5 39 

6.25 

15.3 

23 

30.15 35 

39 

8.6 

14.1 

24.7 

25 28.5 

31.5 

7.04 

2. 

Aspergillus 
f lavus 

11.22 

13.3 

17.7 22.2 31.1 

6.89 

13 

19 

25 29 

35 

7.8 

13 

18 

21 24.7 

31.8 

7.09 

3. 

1 Penicil lum 
citrinum 

9.54 

15 

19 23.6 28.18 

6.25 

1 

1 

1 

5 

8 

14 18 

25 

5.5 

4 

8 

10 16 

28 

6.25 

4. 

Rhizopus 

nigricans 

t 

11.76 

17.6 

35.2 47 52.4 

11.6 1 

1 

12.5 

18 

31 45.2 

48.7 

10.7 

10 

17 

27.9 38 

41 

9.1 


TABLE - XXXV 


PMTE ( Pectin methyl transeliminase) activity at different 
incubation period in glucose asparagin medium 


S.No. 

Organisms 1 

1 


6 Days 


1 

1 

1 

12 Days 


18 Days i 

1 


1 "" 

1 

1 

1 

% Loss 

1 

in viscosity IREA 

i 


% Loss 



in viscosity 

REA 


% Loss 

in viscosity I 

1 

REA 

1 1 — - 

1 5 

1 

15 

30 

60 

90 i 

5 

15 

30 

60 

90 


5 

15 

30 

60 

90 


1. 

i 

1 

1 

1 

1 

Aspergillus 1 0 

8 

11 

21 

^ mm mm — 

1 

1 

1 

34 ! 7.5 

31 

48 

43 

49 

52.5 

11.6 

15.2 

20.7 

25 

35 . 6 

40.6 

8.9 


niger ! 

t 

i 

1 

t 

! 




1 

1 













2. 

! 

1 

J 

1 

1 

Aspergillus 1 7.5 

10 

12.5 

17.5 

1 

t 

1 

22.5 ! 4.9 

25 

28 

32 

37 

49 

10.9 

18 

21 

27 

31 

37 

8.2 


flavus ; 

i 

1 

1 

1 

1 




» 

1 













3. 

1 

1 

Penicillum 1 11 

18 

23 

30 

1 

1 1 

1 { 

31.4 1 6.8 

17 

21 

28 

33 

38.4 

7.5 

15 

19 

25 

31 

34 

7.4 


citrinum 1 

i 

! 

1 

1 

J 




1 1 

1 1 

1 1 

1 

( 1 













4. 

) 

1 

! 

» 

} 

J 

Rhizopus 1 18.5 

28.5 

33.3 

36 

i 1 

t 

t 1 

38 i 8.4 1 

10.8 

20.8 

36.9 

41.3 

45.6 

3 0 

9.8 

11.8 

34 

38.2 

42 

9.3 


nigricans ' 




1 

) 1 
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ASPERGILLUS FLAVUS 
PENIOILLUM CITRIHUM 
RHIZOPUS HIGRIOAMS 
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FECTIDN METHYL TRANSELIMINASE? ACTIVITY AT DIFFERENT 
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The amount of activity was 


incubation period 


Maximum activity of PMG was observed in the 


maximum 


oduced maximum PMG after 12 


incubation i.e. REA 8.6 Units. The rest two test 


f lavus and after 6 days and 18 days of incubation period 


in citrinum their REA values were equal to 7.8 and 


With regard to production of PMTE it was 


observed that both the sp. of 


maximum amount of PMTE on glucose asparagin medium and 


of incubation, their REA values 


This was followed 


leans and P. citrinum with REA value 10 and 7.5 


the result of PMTE 


Table XXXV 


It is clear from 


the above table the amount of PMTE produced is variable 


incubat .i on 


thus it is the optinum period for PMTE production for 


all the test organism. 


1 


On comparing the trend for the production of 
PMG and PMTE the results obtained apper to be variable 
with reference to a test organisms. The behaviour of A. 
niqer and f lavus appear to be quite similar, both 

organisms produced the minimum above refered pectic 
enzyme aft,er 6 days of incubation period, maximum after 
12 rays and slightly reduced after 18 days of 
incubation. P^ citrinum behaved differently for the 
production of PMG and PMTE. It gave maximum PMG after 6 
and 18 days of incubation and reduced value after 12 
days of incubation while for PMTE production maximum 
production was obtained after 12 days followe^d by 18 
days and minimum after 6 days. Trend, shown by R. 
nigricans for the production of PMG and PMTE was 
different to Penicillium in the sense that it produced 
maximum PMG after 6 days of incubation and minimum 
after 18 days of incubation. The PMTE production was 
maximum after 12 days of incubation period followed by 
18 days and 6 days incubation period. 

EXPERMENT ’II* : EFFECT OF FUNGICIDES ON THE PRODUCTION 
OF PECTOLYTIC ENZYMES . 

The effect of fungicides on the 
production of pectolytic enzyme by the test fungus are 
shown in the table XXXVI and XXXVII. 


TABLE - XXXVI 



Effect of fungicides on PMG production of fungal test organism 
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Cone . 1 

of 1 



6 Days 



; 12 Days 

i .. ,, 


1 8 Days 1 

I . 


used 


% Loss 

in viscosity 

1 

REA 1 

« 

'O 

Loss in 

viscosity 

REA 

% 

Loss 

1 

in viscosity 1 

t 

REA 


xu.nyxcxQe 1 

1 

1 

t 

5 

15 

30 

60 

90 

' ' "" J 

} 

t 

I 

5 


15. 

30 

60 

90 


5 

15 

30 

60 

90 



Bavistin 

' ' 1 

1 

.010% 1 

0 

0 

0 

1 

3 

' J 

t 

0.6 ! 


0 

0 

2 

5 

8 

1.7 

0 

0 

1 

3 

5 

1.1 

Aspergillus 


f 

1 






I 

1 














niger 

Captan 

.010% 1 

f 

— 

— 

— 

— 

— 

— 1 

1 


— 

— 


— 

— 

— 


, 

— 

— 

— 

— 


Aureo- 

1 

10 ugra/rol 1 

- 

— 

- 



» 

— * 




— 

— 

— 




- 



— 


-fungin 

J 

1 

( 






1 

* 

( 

1 














Aspergillus 

Bavistin 

> 

.010% 1 

0 

0 

2 

3 

5 

1 

r 

1.1 1 


0 

1 

3 

5 

7 

1.5 

0 

2 

3 

5 

7 

1.5 

f lavus 


1 

1 






1 

1 















Captan 

.010% 1 

1 

- 

•* 

- 

- 

- 

1 

> 


- 

- 

- 

- 


- 


- 

- 

— 


— 


Aureo- 

1 

10 ugm/ml 1 

— 

— 

— 

- 


1 


— 

- 

- 

— 


— 


— 

- 

- 




-fungin 

} 

1 

( 

1 






1 

1 

1 

1 















Bavistin 

I 

.010% 1 

0 

0 

0 

2 

4 

1 

0.8 1 


0 

0 

2 

3 

6 

1.3 1 

0 

0 

2 

2 

5 

1.1 

Penicilluro 


1 






1 

t 














citrinum 

Captan 

.010% i 

1 

- 

- 

- 

- 

- 

— . * 

1 



■■ 

- 

- 

- 

- 


- 

- 

— 

— 



Aureo- 

1 

10 ugm/ml I 

— 

— 

— 

- 

— 

1 

— * 


- 


- 

— 

- 

- 


— 

— 

- 

- 



-fungin 

1 

j 

t 

1 

1 






1 

1 

> 

1 

1 















Bavistin 

l 

\ 

.010% 1 

11.8 

12.1 

00 

• 

CNI 

29 

36 

8 ! 


9 

19 

30 

38 

42 

9.2 

8 

11 

24 

31 

38 

8.4 

Rhizopus 


1 

! 






J 

1 














nigricans 

; Captan 

.010% 1 

i 

8.4 

4.4 

19 

25 

32.5 

7.11 

1 

7 

.4 

9.4 

21 

24 

34 

7 . 5 

6.4 

10 

20 

23 

30.4 

6 . 6 


Aureo- 

( 

10 ugm/ml 1 

0 

1 

3 

5 

8 

1.7 1 


1 

5 

10 

15 

18 

4 

2 

6 

7 

11 

18 

4 


-fungin 

1 

*' 

1 

» 

'■ J 

, 






i. 

1 

J 

J 

„ " I 
















XXXVII 


on PMTE production of fungal test organism 


10 ugm/ml 


Aureo- 

-fungin 


10 ugm/ml 


Aureo- 

-fungin 


3 1 Penicillum 
1 citrinum 


10 ugm/ml 


Aureo- 
-f ungin 


10 ugm/ml 


Aureo- 

-fungin 


> Complete inhhibition 








It is clear from the data that all 
fungicides caused a varing amount of inhibitory effect 
on PMG and PMTE.Captan and Aureof ungin were most severe 
in causing inhibitory effect where the growth of A. 

^ • f lavus and P . citr inum was completely 
inhibited under the concentration used thus low enzyme 
activity could be recorded. R .nigricans showed less 
toxic effect for the synthesis of these enzymes. 
Aureofungin however considerably reduced the production 
of these enzymes. A perusal of table XXXVI and XXXVII 
that inhibitory effect was most severe on PMTE 
production as compared to PMG. A . niqer , A . f lavus and 
• citrinum showed some enzyme production under the 
influence of Bavistin, but as compared to the 
production of these enzymes without fungicides this 
enzyume activity is negligible. Bavistin and Captan 
were comparatively less effective for this purpose 
against ^ nigricans . The observation recorded during 
the experiments on radial growth and mycelial mat 
production. R. nigricans shewed that the vegetative 
growth of this cjrganism was not influenced by either 
Bavistin or Captan. Aureofungin however reduced the 
vecgetative growth but that t<3o was very little as 
compared to control. From the studies condur:ted in this 
experiment it is clear that these fungicides had 
definietely reduced the pectic enzyme production of 
R. nigricans and there is no correlation between 
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SUMMARY & DISCUSSION 

Cellulolytic and pectolytic enzyme production by the 
selected fungal test organiros were determined in this 
section. The results obtained are shown in the table 
XXXI, XXXII, XXXIII, XXXIV, XXXV, XXXVI Sc XXVII & fig. 
17 A. B. C. & 18 A. B. C. 

The enzyme activity was studied using standard 
viscometric procedures for cellulose (cx) enzyme 
production and for ( PMG and PMTE) pectolytic enzyme 
production . 


The following is the summary & discussion to which 
the author arrived • 

Part *- Studies on cellulolytic enzyme • 

To determine the optimum cultural conditions 
for the production of cellulolytic enzyme by 
Aspergillus niger , ^ f lavus . Pencil lium citrinuin & 

— ^ ^ ^ r the organisms were grown on glucose 
asparagine & basal medium with cotton as the sole 
carbon source. Age of culture was also studied where 
three incubation periods were considered i.e. after 6, 
12 and 18 days. It was observed that glucose asparagin 
was more favourable for the production of 
cellulase enzyme. Secretion of enzyme was also effected 
by different incubation periods. On the basis of over 
all results it may be said that glucose asparagine 


medium with 6 days incubation periods showed good 
performance for A.niqer , A. flavus and nigricans , 

while j-trinum showed good performance on the same 

medium after 12 and 18 days of incubation period. 

Effect of fungicides on production of cellulolytic 
enzyme. The secretion of cellulase and mycelial 
growth of A.niqer , A. fl avus and P.citrinum and R. 

j- cans was strongly suppressed by certain 

fungicides. Among these Captan and Aureof ungin were 
most effective and Bavistin was less toxic, it could 
develop a very poor inhibitory effect of cellulase 
formation in R . niqricans t . As compared to Captan and 
Aureofungin, Bavistin was again least effective against 
niqer , A. flavus and P^ citrinum though the 
enzyme production was noticed but their values were 
almost insignifacant as compared to that of control. 
The mycelial growth of Aspergillus and Penici Ilium was 
less as compared to ^ nigricans . Specially ^ flavus , 
where very little mycelial production could be noted 
but the enzymatic activity obtained was quite high. 
Thus it appears that there can be no correlation 
between mycelial growth and enzyme production. Similar 
observations were obtained by Sindu and Sandu (1979). 

The presence of cellulase activity in 
cultures filtrates of P. citrinum was quite good, on 
the 6th day incubation specially when basal medium was 
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taken. Presence of its activity on the 2nd day on 
r absorbant cotton cultured v;ith Penicillium expanaun was 

also noticed by Daniel & Dube (1983); Mehta (1974) had 
recorded the inhibitory effect of fungicide on 
cellulase production. These observations supports the 
observations made by the author. 


Part 11 : - Studies on pectolytic enzymes . 

The production of pectic enzymes by 
microorganisms is also influenced by cultural 
conditions, 'incubation period and by the presence of 
fungicides. Therefore to determine the effect of 
cultural conditions, incubation period and fungicides, 
the present studies were made and results obtained in 
the table XXXIV, XXV, XXXVl , XXXVII and Fig. 19 Sc 20 
are being discussed as below. 

Ef fect of age of c ulture on pectic enzyme 
product iuon . 




?he test organism niqer , A. f lavus , P. 

citrinum and nigricans produced varying amount of 
PMG Si PMTE in different incubation periods. PMTE 
production was found to be most favorable after 12 days 
incubation period than 18 days or 6 days incubation 
periods for all the test organisms, studied. 6 days 
incubation period was found to be least favorable for 
PMTE pro(3uct: i on • 



Regarding the effect of PMG 


production it was 
found that the best PMG production was obtained in both 
the Aspergillus after 12 days of incubation period 
and for citrinum and ^ nigricans after 6 days of 
incubation periods . It may also be pointed out here 
that in nigricans as the incubation period increased 
the PMG production decreased while in citrinum the 
PMG p'iduction remained almost the same after different 
incubation period studied. On the basis of overall 
results it may be stated conclusively that A^ f lavus , 
^ IL iaer and citrinum appears to be more efficient 
for 1,he production of t ransel iminases than 
glycosidases , however R « nigricans appears to be more 
efficient for the production of glycosidases than 
t ransel iminases . 


The results obtained also indicate that there could 
be no correlation between fungal growth and enzyme 
production because in certain cases it was found that 
there was more mycelial production and less enzyme 
production. 


of fungicides on pectic enzyme production 


The 

production 


effect of fungicides on pectic 
are shown in the table XXXVI and XXXVI 


enzyme 

I . 


Al 1 
showed 


the three fungicides used in the present study 
variable effect on the secretions of pectic 






enzyme and fungal growth o£ ^ niqer , A. f lavus , P . 

and ^ nigric ans. The formation of PMG 
enzyme in all the test fungi were less strongly 
suppressed as compared to the PMTE activity. Among 
these however Captan and Aureofungin were most 
effective against all the test organisms. Bavistin , also 
considerably reduced the enzyme production causing 
maximum inhibitory effect on A. niqer , A . £ lavus , and 
P j-fcyt num while less effective on R. nigricans . 
Considerable inhibition of fungus growth was caused by 
these fungicides. No grovjth at all was obtained in 
presence of Captan and Aureofungin of ^ niqer , A. 
£ lavus and P^ citrinuro . Aureofungin however reduced 
growth in nigricans but Bavistin and Captan appear 
to be not at all effective on the mycelial growth. 
There appeared to be no clearcut correlation between 
secretion of enzyme and fungal growth in precence of 
these fungitoxic substances. 


Inhibition of pectic enzyme production by various 
fungicides in several fungal organisms has also been 
reported by Grover (1964). 


The fungal organisms A. niqer , A. flavus , P. 
citrinuro and R^ nigricans were found to be having the 
best percentage frequency of occurance during the 
studies on islolation .In this section it was observed 
that these organism are also capable of producing 





pectolytic and cellulolytic enzymes, their growth, 
germination of spores and enzyme producing capability 
could inhibited by using the fungicides in minimum 
inhibitory concentrations. The fungicides used by the 
author were Aureof ungin, Bavistin and Captan. The 
ability of fungicides to control plant diseases and 
inhibit the production and activity of cell wall 
degrading enzymes has also been demonstrated by number 
of workers including Grover (1964); Goel and 
Mehrotra(1973) , Mehta (1974i. Thus this property of 
these fungicides can be exploited for controlling or 
inhibiting the fungal organisms showing dynamism on 
cotton. This would indirectly help in preventing the 
pathological or allergic responses produced by these 
and other organisms, which are incorporated or present 
on cotton fibres floating or lying inside the cotton 
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GENERAL SUMMARY & CONCLUSIONS 

Jhansi, situated at a latitude of 25 degree. 27' 

N and at a longitude of 38 degree. 35' E, has typical 
monsoonic climate which can be divided into three 
distinct seasons, i.e. rainy, winter & summer. Rainy 
season is from mid June to mid Oclober, winter season 
is from mid October to mid February & summer season is 
from mid February to mid June. Wind acquii'es maximum 
speed during summer and rainy seasons, while it is mild 
in winter season. 

U. P. State spinning mill the, place of which 
exploration was done is situated at Jhansi - Gwailor 
road near the air field. It has two working units with 
about five thousand worker (in the age group 18 - 50 
years) involved in day & night shifts. 

The workers here complains for various health 
problems like cough, chest and abdominal pains. Asthma 
etc. These and many other respiratory disorders have 
also been reffered to develop on mill workers by Gupta 
& Gupta (1984). Most of these workers belongs to a 
very low socio - economic status of eastern U. P.. 
These may have some pre existing pathological 
infestations. Involving the pulmonary track, skin & 
other organs of the body, thus may be the carriers of 
such disease producing organisms. Because of the 


inadeqiiacy of medicinal aids and nutritional 
deffic.rences they may herbour such organisms for a very 
long t '.mes. Thus the microorganisms inhabiting cotton & 
those incomporated during handling are concerned with 
serious hazards. This has prompted the author for the 
present investigations. The investigations conducted 
are being summarised below. 


MICROBIAL DYNAMISM. 


Cotton bales that arrive are kept in store for 
being processed in the two working units of mill. Each 
unit has an underground absorbing channel in which the 
lint and dust floating in air is being constantly 
trapped under suction. The cotton is being spun into 
threads in three chambers of each units where 
temperature and humidity is being maintained. To 
enumerate the microbial dynamism operating on cotton 
fibres periodic collection of cotton samples was done. 
For convenince three sites where decided from where 
cotton samples were picked up regularly at an interval 
of fifteen days for one year and isolation of microbial 
population was done from them. In addition to these 
cotton samples airospora survey, for microbial 
population operating on fibres floating in air, inside 


outside the mill was also done at the 


same time. 




These constituted the two additional sites. Thus 
cjuant itative and qualitative analysis of microorganisms 
obtained from the above five sites were done. 

Fungi were grown on Potato dextrose agar 
(Johnson et .al . , 1959) and Peptone dextrose agar with 
rose bengal & streptomycin (Martin 1950). Bacteria were 
grown or Soil extract agar (Allen 1957) , Nutrient agar 
(Waksman 1961), Blood agar (Cruickshank et . al . , 1972), 
Lowenstein and Jensen medium (Jensen 1961). 

Identif icat i.ons were done using standard 
taxonomic keys and monographs reffered in the Appendix 
II and confirmed them from the identifications arrived 
from "Kew" jilngland. 

Absolute number of oganisms per gram dry weight 
and percentage occurrence obtained from site I i.e. 
absorbing channel, site II i.e. store room and site III 
i.e. spinning chambers are given in table III to VIII 
and Fig. 3 to 8 . From these dates it will be evident 
that the highest absolute number of organism per gram 
dry wt. of cotton was obtained from site I. At this 
site the cotton fibre get mixed up with dust & other 
organic matter. It remains here for a considerable long 
period while at site II & m fibres are being 
constantly picked up renewed & comparatively less 


incorporated with dust. Thus flaring up of organism in 
percentage and absolute number at site I must be due to 
this very reason. From the over all results obtained at 
these sites it was found that the absolute number, 

5 

of bacteria occured in the range of 866.7x10 /gm. dry 

5 

wt . of cotton to 3.0 xlO /gm dry wt. of cotton and of 

5 5 

fungi occurred in the range of 85.5x10 to 0.08x10 /gro. 
dry wt. of cotton. The absolute number of 

microorganisms fluctuated while sampling , during the 
entire period of study. During this period they reached 
the peak level 2 - 3 times alternating with the 

decline, this might be due to the type of organic 
matter being consumed coupled with the effect of 
climatic factors. Some workers has reffered the initial 
rise due to the flaring up of primary moulds the second 
peak due to the secondary moulds and the third peak due 
to the tertiory moulds which are more or less stable 
(Garrett 1951; Bharat Rai 1970; and Kaarink 1974). 
Howevet the author could not distinguish between 
primary, secondary or tertiory moulds. This observation 
is alike to the one observed by Mehrotra and Aneja 
(197951 Kamal and Shrivastava (1975). 


Ax 

site 4 and 

5 i.e, the airospora 

inside 

and 

outside 

the spinning 

mill e: ploration was 

done for 

the 

average 

number of 

organisms per plate 

. The 

data 






in the table TX to XII. The number 


of forms outside the mill were 


compared to the number of forms inside the mill. This 


be due to the more climatic variations outside 


the mill and also due to the involvement of more 


components of the ecosystem of the outer atmosphere 


Qualitatively 24 species of fungi belonging to 13 


genera ware observed. The monthly seasonal variation of 


different fungi isolated has been shown in table XIII 


The deta recorded for the 


different fungi from various sites shows that almost 


showed 


Many 


multiplicaton at first, dwindled as the environment 


changed. It appeares that temperature and change in the 


availability of food probably has a greater influence 


rmining 


comprising 


the populaton at any one time 


The percentage freqiency of fungal organisms 


appeared at various sites are given in the table XVII 


sual of this table shows that 


was found in 


sites followed by ^ flavus , Penicilliuro citrinum and 
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Rhizopus nigricans . These organisms contributed the 
bulk of microbial population of every isolation. Thus 
these organisms were selected for further 
investigations. In addition to these fungal organisms 
some bacterial organisms were also frequently observed 
on isolation plates. These were Staphylococcus aureus , 


Streptococcus 


1 , Mycobacterium tuberculosis , 


Bacillu s Sp. and Proteus Sp. Since these are involved 
in several human pathogenic complications these were 
also selected for the studies on control measures. 


Vn the subsection '*‘8' of this section the above 

four fungal organisms were subjected to their studies 

- ■ ■ 

on cellulolytic abilities. (Datas /obtained are recorded 
in the table XVIII. Among these organisms Aspergillus 
niger demonstrated the maximum cellulolytic ability 
resulting in 22% loss in the dry weight of cotton. This 


was followed by ^ f lavus with 12.6° 


P. citrinum 


10.8% and nigricans 11% loss in the dry weight of 
cotton. The observations recorded point towords their 
affinity for cotton and the good performance justify 
their high percentage frequency obtaind during 
isolations. 


After determining the cellulolytic ability of the 


selects. 


fungi, their competitive saprophytic 


colonization was studied in the sub section 'c' of this 






■ ' ■ ' '. 1 . 













section. The datas are recorded in the table XIX and 


13 to 16. The observed results show that these 


organisms are quite successful saprophytic colonizers 


The growth of all the four test fungus was reduced when 


sample water suspension was inoculated and incubated 


for 24 hrs. before inoculating the test fungus. It was 


also observed that the test organisms showed easy 


showed depression in their growth rate. The sample 


water suspension obtained from cotton picked from 


room gave 


CONTROL MEASURES 


A. flavus, P.citrinum and 


performed good cellulolytic ability and 


also demonstrated siginificant competitive saprophytic 


colonization capabilities during the studies conducted 


in the previous section. These performances justify 


their highest percentage occurrence obtained during 


isolation experiments 


Apart from the above these organisms are often 


associated with diseases like automycosis 


pulmonary 


fungus balls 


mucor 


mycosis etc. Thei 


have a direct 




166 . 



effect on animal tissues <Rati & Ramalingan 1979 


To over come the hazard to human health that may 


result from such fungal organisms and the bacterial 


measures were planned and worked out in this section 


available and well known 


antibiotics were employed prevent the growth and 


activity of such organisms 


During the preliminery test fungicides and 


antibiotics were screened against the above fungal 


concentration 


while antibiotics in .25 ugm/ml concentration. The 


in the table XX. From this test 


basis of their performance none of the antibiotic 


could inhibited the growth of any of the test fungus 


Out of the 8 antibiotic tested in the above 


concentration against bacterial test organisms 7 gave 


positive results. Their results are given in the table 


from the 


conducted to explore the posibility of an overall 






contrc-l measures. For further test fungicies were used 
against fungal organisms and antibiotics were used 
against the bacterial organisms because of their 
performance towards the respective groups of organisms 
in the above experiment. 


In the next experimei:t studies were conducted to 
get the minium inhibitory concentrations of fungicides 
and antibiotics. Fungicides used aginst fungi were 
Captan, Bavistin in. 020%, .010% and .005% 

concentrations and Aureofungin in 1 , 5, 10, and 15 
ugm/ml concentration. The results obtained are given in 
the table XXIII. The observations were made for their 
effect in causing inhibitory effect on the radial 
growth ofthe test organism. The lowest concentration in 
the series of dilution having no growth after 48hrs. 
was taken as M.I.C. for that fungicides. Rhizopus 
nigricans was found to be the most tolerent fungal 
organism. Neither Bavistin nor Captan was able to 
inhibit this organism at these concentrations. 
Aureofungin gave some inhibitory effect at 10 ugm/ml 
concentration and at 15 ugm/ml concentration inhibited 
the growth of R. nigricans completely. This observation 
of the author is quite similar to the one found by 
Thakre and Johri (1973). Against the rest of the three 


fungal organisams i.e. 


> A.flavus , and 


P. cif rinum these fugicides were quite active. Captan 
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concentration . 


Against bacterial or 

Streptomycin, Tetracyclin, Eryth 
were used. Each antibiotic VJas d 
15 dilutions i.e. ,002, .005, .0 
.1, .15, .2, .3, .4, .5, .6, .9 
medium. The results obtained a 
XXIV A and in the plates 4, 5 
above antibiotics obtained 
aureus , Streptococcus pyogenes a 
follc)Vi/s. Erythromycin .6, 
Penirillin .02, .1 and .02 ugm/ 



above dilutions. The series of dilution prepared for 
this test consisted of 10, 15, 30, 45, 60, 70, 90, 100 
and 200 ugra/ml concentrations. The results obtained are 
given in the table XXIV B. In this experiment the 
M.I.C. recorded of various antibiotic against Proteus 
sp. is as follows. Erythromycin at 90 ugm/ml , 
Penicillin at 200 ugm/ml, Rifamycin at 30 ugm/ml. 
Streptomycin and Tetracyclin at 100 ugm/ml 
concentration. Since except that of Rifamycin these 
concentration are very high and could not be used 
because of their toxicity in blood, they are considered 
to be uneffective. Proteus sp. is thus regarded as 
resistant towards these antibiotics except Rifamycin 
where the sensitivity v;as found to be 30 ugm/ml 
concentration. The conclusions drawn by the author 
from these results are similar to the one made by John 
W.corcom and Fred (1969). Against Mycobacterium 
tuber c ulosis the M.I.C. of Penicillin and Erythromycin 
were found to be 15 and 10 ugm/ml respectively. The 
M.I.C. obtained of the above antimicrobial agent are 
collectively given in the Table XXV. 

The above results were confirmed later in an 
another experiment in which the radial growth of the 
organisms were observed on media under the influence of 
the above fungicides / antibiotices . The results 
obtained are given in the table XXVI. In this 



experiment the radial growth of fungal organisims were 
observed on agar media having Bavistin and Captan in 
.020% , .010% and .005% concentrations while 

Auerofangin in 15 , 10 and 5 ugra/ml concentration. 
Captan was found to be most effective followed by 
Bavistin and Aureofungin for A_^ niqer , A» flavus and 
P . citrinum . Against Rhizopua nigricans moderate 
inhibition was recorded at 10 ugm/ml concentration 
while on 15 ugm/ml concentration the results was quite 
satisfactory. Bacterial test organisms were observed on 
agar media having antibiotics in 3 dilutions. Dilutions 
selected were in relation to the results and 
observations made during the experiment to obtain the 
M.I.C. All the 5 antibiotics used i.e. Erythromycin, 
Penicillin, Rifamycin, Streptomycin and Tetracyclin 
significantly inhibited the growth of the test 

organisms except Proteu s sp whcih grew almost 
unaffected. From the over all results obtained it could 
be said that the growth of the test organisms was 
gradually inhibited with a progressive increase in the 
concentration of the antimicrobial agent. In lower 
concentrations a reverse trend was observed with 

increase in incubation period from 0 hr. to 72 hrs. 

After observing the effect of fungicides against 
the fungal organisms on solid media it was considered 
appropriate to have an idia of its effect on mycelial 
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growth and dry weight in liquid medium. Bacteria were 
not included in this expei'iment since (1) they do not 
produce mycelial growth of any significant and (2) 
their growth in liquid media was already studied. Their 
effect on population and spore germination has been 
taken up in the next experiment. In this experiment 
Bavistin and Captan were used in .030%, .020% and 

.010% concentraton while Aureofungin was used in 10, 5 
and 1 ugm/ml concentration. The results obtained are 
given in the table XXVIII. In this experiment the 
results obtained aginst R. nigricans gave some clue for 
understanding the antimicrobial behaviour of the 
fungicides used against this organism. In this 
experiment these fungicides, which were observed to be 
uneffect Ive during the previous experiment, showed 
inhibitory effect when R. nigricans produced less 
mycelial weight then that of control under their 
influence. ^ niger , A. f lavus and citrinum was 

comple-ely inhibited by Captan in all dilutions tested 
and ly Bavistin at .030% concentration. The slight 
mycelial growth of above fungal organisms recorded in 
this experiment under the influence of Bavistin might 
be due to its lesser toxicity and secondly the 
inoculum disc floated on liquid media while inocubation 
might be instrumental in producing such growth. On 
soild media the aerial grwoth which occurred on the 
inoculum disc never developed on agar medium below 
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beyond the 7mm inoculum disc thus its growth was not 
recorded in the table but in this experiment the 
mycelial weight was observed since the mycelial weight 
which appeared on the inoculum disc had to be included 
while calculating the total weight obtained. 


After the above experiment final experiment was 
plannned and conducted i:o study the effect of 
fungicides and antibiotic on spore germination of test 
organism. Datas are recorded in the table XXIX and XXX. 
The spore germination of fungal organisms weie studied 
microscopically at 4, 8 and 12 hrs. interval 

concentration used were the same as used in the radial 
growth. In this experiment it was observed that the 
swelling of spore and their germination are two 

distinct phase, of a common but complex phenomenon. The 
former was less sensitive to the action of fungicides 
than the latter. In general though verying degrees of 
inhibitory effect were observed but as the incubation 
period increased the rate of germination decreased. 
Penial ium citrinum showed slow spore germination, 
even in control experiment it took 24hrs to germinate. 
R. :TRaqrican3 appear comparatively resistance to the 
action of fungicides. These observation of the author 
are similar to that of Thakre and Johri (197.1--74) . 


Bffect of antibiotic, on spore germination of 
bacterial organism were studied following the method of 
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Queshel et . al . , 1-971 and data vjere recorded in table 
XXX. Here also the same dilution were used as in radial 
growth. These observation once again confirm the M.I.C. 
obtained in previous experiments. Except Proteus sp. 
against the rest of bacterial organisms concentration 
of 5 antibiotics recorded for total inhibition of spore 
germination was below 1.2 ugm/ml Mycobacterium 
tuberculosis showed very slow growth and thus its 
activity on radial growth and spore genrmination could 
not be obeserved. It's growth is so slow that the 
culture does not become, macroscopically visiable until 
10 to 14 days or some time as late os 6 to 8 weeks. And 
thus it was excluded because this delayed grwoth may 
cause a false impression of an inhibitory effect. 


ENGYMOLOGICkL STUDIES 


Cellulolytic and pectolytic enzyne production of 
the selected fungal organism were determined in this 
section. The results are shown in the tables XXXI to 
XXXVII. Standard viscomitric producere were adopted for 
cellulase (Cx) enzyme production and pectolytic 
{ PMG fit PMTE) enzyme production. 


Duping the studies on cellulolytic enzyme glucose 
asparagine medium was found to be better for cellulose 
production of A. niqer, A. f lavus, P. citrinum and 
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days incubation period was found to be better for 


enzyme production of A. 


, A. f lavus and R. 


nigricans . While P_^ citrinu m gave better production 
after 12 to 18 days incubation. Among the fungicides 
tested for their inhibitry effect on cellulose 
production, Captan and Aureof ungin were found to most 
effective and Bivistin less toxic. It was observed that 
the mycelial growth had not corelation with the amount 
of enzyme produced. Among the fungal organisms tested 
A. niqer gave best cellulolytic ability followed by A. 
f lavus , R. nigricans and P. citrinum . 


The data recorde for the 


ies on pectolytic 


enzymes are given in the table'^XXXIV to XXXVII. 


The test organisms produce variable amount PMG and 
PMTE in different incubation period. PMTB production 
was most favarable 12 days of incubation for all test 
fungal organism regarding PMG production both 
Aspergillus sp» gave the best production after 12 days 
of incubation while citrinum and R. nigricans gave 
better production after 6 days of incubation. Here also 
fungal growth could not be corelated with the enzyme 
production . 


In the experiment to determine the effect of 
fungicides on pectic enzyme production it was found 
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that PHT production was 1 


s strongly suppresed as 


compare to PMTE activity. Amongs the fungicides tested 
Captan and Aureofungin were most effective against all 


test organisms followed by Bivistin. Bivistin though 


reduced the enzyme production of all the test fungal 


miximum i 


A. flavus and P. citrinum and less on R 


From the overall results it could be concluded 


Penicillium citrinum and Rhizopus nigricans 




V-y/f ' # 


implemented. Captan and Bivistin be recommended at 
.020% concentration and Aureofungin at 15 ugm/ml . 
concentration. While any of the 5 antibiotics used 
normaly Penicillin, Streptomycin, Tetracyclin, 

Erythromycin and Rifamycin could be recommended in 1.2 
ugm/ml concentration. The last three of the antibiotic 
could be safely used because, they have no side effect 
or allergic responses. These antimicrobial substance 
could be used in the said concentration for periodic 
spray but before making recommendation for the regular 
periodic spray of the fungicides their allergic 

responses should also be investigated. 
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APPENDIX - I 


Media used 


Potato dextrose agar (Johnson et. al 


1959, P.143) 


2. Potato dextrose broth 


3. Peptone dextrose agar with Rose bengal 
Streptomycin (Johnson et . al . , 1959). 


anc 


4. Czapek's dox yeast extract agar (Johnson et 
1959). 


(Rao, 1959) 


(Allen, 1957) 


7. Glucose Asparagine agar (Waksman, 1950) 


8. Nutrient Agar (Waksman, 1961) 


9. Nutrient broth (Waksman, 1961) 


10. Blood Agar (Cruickshank et . al 


11. liowenstien Jensen media (Jensen 1955) 





APPENDIX - II 




IDENTIF I CATION OT FUNGI : - 

Fungi were identified as far as possible with 
the help of following manuals and monographs after 
studying morfjhologica 1 and cultural aspects in details. 

(1) Barnett, H. L. 1960. Genera of Imperfect fungi . 

(2) FI lis, M. B. 1971 . De mat i aceou s H ypornycete s . 

( 3 ) E 1 lis, M . B . 1976. More D emat iaceous Hypomyetes . 

(4) Gilman, J. C. 1957. A ma nual of soil fungi. . 

(5) Raper. K. B. and C. Thorn . 1949. A manual of 

penici 1 J ia . / 

(6) Raper, K. B. and D.I. Fennel 1 . 1965. The genus 

.^sp e rgil l us . 

(7) Sr.ibramani.am , C. V. 1971. Hyp ornyce tes . 

(8) Thc>m, C. and K. B. Paper 1945. A manual of 

Aspergill i . 

(9) Tubaki, K. 1963. T axonom ic stud y of Hy phomycet es . 

For indent if ication of bacteria Eoliowing 
works were conuslted. 

1. Bergey's Manual of Determinative bacteriology (1957). 

2. Cruicshank et_._ aj . ( 1 975 ) Medica l Microbiology . 

3. Ananthanarayan, R. and C.K.Jayaram Panikar (1978). 

Text book of Microbiology. 

4 . Sa 1 1 e (1974). Fundame i tal principles of 

Ba cterio l ogy . 

5. Power Daqinawala 1982. General Microbiolp^^^^^ II 
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PLATE 


- I 


Minimum inhibitory concentration of Anreofurniin aqainst 
fungal test organisms by agar disc ri'^t hod . 

a. Asi-ierg i 1 1 us niger. 

b . h s pe r g i 1 I u s f 1 a i s - 

c . P e n i c i 1 1 i u in c :i f r i n u ni . 

d. Rhi7.opus nigricans. 








Pet-gillus fl;^vu.s 


f"! num 


zopus 


,C ^ ' , : 









PLATE - III 


M.I.C. of captan aqainst fungal test: organisms by agar disc 
method. 


|a . Aspergillus niger. 


sb. Aspergillus flavus. 

f 


Cl . Pen i c i I 1 i tjirn c i t r i ri uni • 


d. Rhizopus n.i g?-ica!r> . 
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PLATE - IV 


M.I.C# of antibiotics against bact:eriaJl test organism by tube 
d J lilt ion fnethoil * 


St reptococcns pyogenes . 
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